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1 Biocompatible, biostable coating of medical surfaces Description 5 The
invention relates to medical surfaces with a biocompatible, biostable
coating of polysulfones or/and polysulfone derivatives or copolymers,
respectively, with polysulfone which contains at least one antiproliferative,
aricfmompatiblagtibhtesiatil e ot tinghafmbetdiactive wgerd esd/or
is covered by agent, methods 10 for the manufacture of these surfaces as
well as their use in the form of long-term implants, in particular stents for
the prevention of restenosis. In the last years, the implantation of stents in
the balloon dilatation of occlubedsbitptionessels has increased more and
more. Although stents reduce the risk of a 15 reoccurring vessel

C hey are until t resent d able ompl
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polysulforarphatdigic defintiansof tite nestenosisds thﬂtuéﬂaﬂf@mh dgiiesaRematory,
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ercutaneous translumlna

for the BRYIBIASEHS. ¢h %3@@%9‘?(%#& bAoA dSe | ﬁ@fﬁwwangcterm
nmplantse!am*heu&nc‘stelﬁﬁo‘nﬁdﬂlpnmdqmtdmlogydmia stable scientific
foundation. In practice, the clinical aggravation of a patient is often

considere n of a restenosis,.of 25 the formerly treated vessel
i the 1SR JRRR, RoIERANANE GBS SBdbr IR FBGEI L apgg blood
vesselstHigstdperagsadhefins tiansl afarthe Altplangdticstetite stedusarftiee igsk of a

reoccurfHE G5 8XPesEiif rhenip adcanidivR terkie ROWRY %@'&bf%ﬁ@rb@éﬂﬁﬁﬂetely

is 30 can occur, which again occludes the blood
prevent%é; %ﬁlf’ﬁ )Q%%g w%%?antatlon of the stent causes vessel injuries which,

besides the above- mentioned thrombosis, also provoke inflammation
An exaeeammmm&cmﬁlayeatdﬂﬁis@ferw@fmgihecraﬁﬂwwrm Ghoirip@ thechnical

!lteraturé'rsf' ﬁgv%% rﬁ%&ﬁ‘i&é{)ﬁ%@é@@%ﬁ%@j Vtﬁﬁ APANI B Sosis is the

related to the reI ase f growth an increase

one whigh, fRiags it FRSlengsih At EclEddiuag iRfithedvensntiiaprignéadess than
50- % db tbectwrmingl cafikersioncufebeivie SSECAuérteruntandmiledrameluthire) Atesnary

angiopld8W)WeRISihe LBNSFASIR [ AEWIRLG Do ds VeI RIBaYnG e elevance
and relation to clinical pathology lacks of a stable scientific foundation. In practice,
the clinical aggravation of a patient is often considered as a sign of a restenosis of
the formerly treated vessel segment.

There are three different reasons for the restenosis caused by the stent:

a.) In the first time after the implantation, the stent surface is directly exposed to
the blood and, due to the now present foreign surface, an acute thrombosis
can occur, which again occludes the blood vessel.

b.)  The implantation of the stent causes vessel injuries which, besides the above-
mentioned thrombosis, also provoke inflammation reactions which play a
decisive role for the recovery process during the first seven days. The herein
occurring processes are among others related to the release of growth factors,
wherewith an increased proliferation of the smooth muscle cells is initiated,

— which rapidly leads to a reoccurring occlusion of the vessel due to uncontrolied

growth.
c.)  After few weeks, the stent sfarts to grow into the tissue of the blood vessel.
That means that the stent is surrounded completely by smooth muscle cells
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That means that the stent is surrounded completely by smooth muscle
cells 2 and has no contact to the blgod. This cicatrization can be too
pronounced (neointima hyperplasia% and may lead to the fact that not only
the stent surface is covered, but that the complete interior space of the

ste tg,]s occluded. 5 a trletﬂ1 ”|¥ﬁ?350fve the 5%bcem r stenos is nced
e coa'tlng oP e S en Sw eparln e et a arPWQQH

ié@ﬂt*&’%@@ﬁ?@@@@—fm@@%w&p ﬁ@ﬁv@ﬁér@@ﬂl’@ﬁﬁh e stent surface

andeonagulasiiohiy e firstriplens anedicasseorndf ey eayet isasaided.
unfold its total effect in solution. This first problem can meanwhile be
prevented almost totally by means of medical treatment by administration

It Was&f’%ﬁt}’%‘ WogRPAYRSte iRk feeBtetiRctyetnacaitrerbithropienis with
hepariat {he \iiodnienebyal lp éallppdabitidgatieigrowdh (@6 s@dotBidsddeselldeparin

howeﬁ;%ao%%ew bis aﬁt@gggtﬁgﬁ%tv e'fhéﬁ%%a%ﬁls Tﬁmng g%@@%reover
can ol Ao AR BB AIGHRea S R EFCLE b GRR e Wil be
prevergadraitestitetedytivy ageatsivitsiadicr)r tiepitheite bylealssinisratigh f anti-
coagumﬁtatuﬂesotr@amwsm@estﬁ@t seEofdlakaY i PrdBepiher ﬂﬁﬁﬁwoment by

q tent at ows dltc es 0f 0.1 - 1. mm of depth a
locally ;Rﬁ%\fﬁiﬂ}? Shits surface V%I(ﬁ] ape]usst?ltabﬁe”%r heerescggtloqr?](') ésnattemp ted

e.g. V\&f&nré%@éﬁtwwét@&ct% wifenstanteseivsis faniate, Rivmpacaiealneactive

agent®penings in the hollow stent, the pharmaceutically active agent contained
therein punctually in a high concentration and over a relatively long period
of time, which however leads to the fact that the smooth muscle cells are

Thus, r‘r&%‘r\éeﬁ%? ofl§ iHisdRsRdRlyedampiRer, BBABid R ULRIoSIG thwhich can
contaieceharm:aeemmnaécateWeeagmmm ibsmintdrilemgehiekpase drédetieed5through a

multit sk YAUGIESUNRadsdR: R FLeRges @gﬁb&l& 9huesaRlOREMS AR cribes a

b (Liistro F., C th
stent gt %gx#fatttﬁ“ﬁﬁ??e W iR ERT00T) 56 3800 RgEh on s
surfacapphieitiarer Sakablg s preureepditherRisEmtcRgRNG. tham@ atige agent

reservbigcompatibies M@;ﬁﬂr@b&57)owhﬁéebbﬂr%m5950%chﬂl@e FoRoWMPRReRt the
pharm%f m&c%r hégwgeg @R{gﬂ%td Sti‘ggr%qﬁ 8%{? flf% te 8 a hi e%r' concentraﬂon

%eneo SUI’ ace as a compon

and owo%g@é%\rﬁ PEREnBERR_BriitE. swwphrh@wwetﬁ@%ttwé é@@rfﬁ@ that the
smoothbsurbed kyithesphaspHongeholineolalyeincantainingeewiendtependiagable of

enclostyAdNAIEGHIH WGP RAdsARL R0 e SUILER.3® ionger exposed to the
bioed, which in turmn leads to an increased number of vessel occlusions caused by
thromboses (Liistro F., Colombo A., Late acute thrombosis after Paclitaxe! eluting
stent implantation. Heart (2001) 86, 262-4).

One approach for solving this problem is the phosphorylcholine coating of
biocompatibles (WO 0101957), whereby phosphoryicholine, a component of the
erythrocyte cell membrane, is destined to create a non-thrombogeneous surface as a
component of the deposited, non biodegradable polymer layer on the stent. Thereby
the active agent is absorbed by the phosphoryicholine layer containing polymer
depending on the moiecular weight or adsorbed on the surface.

Objective of the present disclosure is to provide a medical product with a
hemocompatible surface as well as a manufacturing method for this medical product
with the hemocompatible surface.
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Objective of the present disclosure is to provide a medical product with a
hemocompatible surface as well as a manufacturing method for this
medical product with the hemocomﬁatible surface. 3 In particular, the
hemocompatible surface of the medical product is destined to allow a

continugus, and controlled ingrowth of the medigcal prodyct jnto the vessel
In par AR (18 ek A o) i R R P o A 2low
a contlspns antheostinbedmtgiorttion. trarmmediaalaredyebimatisgressetivell.
invention result from the dependent claims, the description, the figures,

. s well as t les, T, esent disclosure relates to medical , .
e R SR B e A A AR e mag e
preserdninviodiam cpBistIfBA¥aniRIe 0 EesiaNT B dhe Ryreliomarsigt from the
depenpgentidzdnashémeadesapptible, thedicalrprodigolvetingy detedxzahndbat its
surface is at least partially coated with at least one biostable layer
composed of polysulfone and in that at least one anti proliferative, anti-

The piERghARGIVS Wi PRSP dRERFahRIRANRT e gERRRS  «eithich is/are at
least pantiethaookded Mitnahieaticnst bios hioistgloly sayfenedeymysed of
polysulfone. According to another aspect, there is provided a method for

resor A A SIS IS RONE s
characippkadgratheadsopertsestisotds laget pertipbssoaiesolilmreastianmpiostable
layer ebr@dssHidingmdieasianre b_fysdiromhitmqbﬁmlﬁraﬁn@ﬁeaaﬁmglm%wa anti-
: : iproli v i~ in ory,.antiphlogisti
e e e
on the g{8AsY RsssRiD ¥R RRRIRDRTRI¥EWI Sy sulfone including or

not including the at least one hydrophilic polymer in combination with at

taan iprol; iye,.antisinfla , Nl ISt} ;
Accor an |th@or%§gﬁ?r§g%%%&&d tgg %E. %%twgpglyﬁ%?ﬁggg{a O’E:J?é%mpanbiy and

hemocymBAiNY SRAE NEHTSHERh RIS S ARIG R RERYOCARigwirasttes:
agent opravedhigstagtientyard composed of polysulfone. According to yet

dotheasprRh HiGk s BIYHRERNEMAIBRAINRReIGRlysulfone including
of not including at least one hydrophilic polymer; and

c. applying and/or inserting at least one antiproliferative, ant-
inflammatory, antiphlogistic and/or antithrombotic agent on and/or into
the biostable layer;
or

b. applying at least one biostable layer composed of polysulfone including
or not including the at least one hydrophilic polymer in combination with
at least one anfiiproliferative, anti-inflammatory, antiphlogistic and/or
antithrombotic agent; and

c. optionally, applying at least one antiproliferative, anti-inflammatory,
antiphlogistic and/or antithrombotic agent on the biostable layer
composed of polysulfone.

According to vet another aspect, there is provided a hemocompatible medical
product which can be obtained by means of a method according to the methods
disclosed above.

It was surprisingly found that the coating of medical surfaces being in permanent
contact with blood, with polysulfone, polyethersulfone and/or polyphenylsulfone and
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methods disclosed above. It was surprisingly found that the coating of
medical surfaces being in permanef# contact with blood, with polysulfone,
polyethersulfone and/or polyphenylsulfone and 3a its derivatives

esents an ext emel itable biocompatible substr for .
s delgRNES e Rl At eI, SUE RO Bc Bris s Jos active
agentsof Bylyadindrieg vﬂfh bmimmem grissemesticde withlYipsphiliorary  the use of
polysulfpeep e @msmrﬁﬂgr@g@w péth@uﬂaplmmn@ BIRrbyeRBAIGIARR tIes,

the pofSBAYNELCRA ALY Ao enilll G350 RERAAGAGEIRE Dyt of
respect of ac Ve a%;an S, e amou as wel

poss:baéeﬁed:?@leaee '?‘é@é'eE@&@@i 9 the éﬁwkuﬁéué%eoﬂﬁ@ae@a@ oRgents, the
applicaiskiveragent, canvislireg ulasasbeiveti eciose sizetd) Hepbiiaigties layeion kinetics

of the %‘i’r%éﬁe 'Hé%&r\?edﬁ AiRsg %ﬂﬂ ﬁ‘éﬂ%?e%lngléngfé’g)‘ %tgﬁz&ﬁ dthe blastable

hilic po ymer 0] respectlve y the amount IC an

layer. Jiap RO 1R By 5, BB iR d@wﬁn@% %fuse
hydrophiiagdéartsydmpieiipeptyehethéeharaddition’ dpsphilicmod fisophebte gfoups in
the poﬁ}%gi%hw &C%@%UM?@ ﬁﬂﬂ&ﬁ@ %@I&&hﬁé'fﬁﬂ%’n%%@%@d hydrophmc

olvm ﬁgertlefi (%f the oate Ian% ch | Wlt the actjv gja%? rEh i
POYMSH, %88 % ?éa%é%% ot t%cseéﬁe GigRang
solutiopf hﬁ@tim@@iopfhé@uﬁeﬂim@wlaﬁtmfefégeﬁmﬁ@@ thwgvawhighss loaded

with thierapRvEcs(RIfh a Bealingrap LiioR: acad arsiveleifestarsibgsdehngsbriies (as
a rundilER 6 YRR @rpseetiacelsie sroleL iven lesTeh e coraying

ow) into the spraying S was a $0 ol vantageous
properiis etneeceﬁﬁwa)g%@wa%aafﬁerd@&éswithéﬁmf@&eaycmﬁgﬂ@%’sawlon of
water [@adaishetholyacetdtyencottaniaddiivectiesageativbtionjragentiviicraying
solutigigmains in the layer and provides here for the intactness of the active
agent due to its capacity as protective gas. Therewith, the shelf life of the
active agent is assured permanently in a form which remains effective in
It was asontdtareédovay . /E/FThmgeadificidoriief thee polystidges fesncanweek pgs for the

spray E@M’ﬂ@r!éﬁa@%‘éﬁ W@&t@”&éuﬁbiﬁﬁh%?é@%ﬁwﬂlﬁé Rew H@b(ﬁé”%t with
trogd %ﬁ/rﬁers ﬁ as lysulfone ﬁlog rpe sror |€r; stfl istical of the active
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agent M@n’iergsme%wtra@ p@&pfmte@ogm H@I@fﬁéﬁf&aﬁd&ﬁe ébﬁ&fdﬁ@dp&rﬁb{e active

agent Rrasappiiceiereiiatip romkinatinnivithcihainensfadilieddaly neiRsred way.
individually as new hemocompatible coating material. Thus, a

polyethersulfone containing
The modirication of the polysulfone framework by polymer analogous reactions such

as the preparation of new polysulfone copolymers {(e.g. as polysulione bilock
copolymers or in siatistical distribution) has impact on the physical behavior of the
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carboxylic groups can be prepared via the reaction of polysulfone
copolymers with 5 4,4'-bis(hydroxyphenyl)pentanoic acid (BPA), which
leads to a clear hydrophilicity of the polymer. The properties of the
hydrophilic polysulfone can also be used as hydrophilic polymer additive
resulting ;ﬂ@ﬁ‘yﬂ%ﬂﬂa@iﬁﬁﬁbpdﬁl@qﬁmzﬂ@@dﬁaﬁ& meHsnesh AbRveo Mirb IR, and are
applxcaﬁ?ét'gﬂrfgl r|'rﬁ3 %QQEW\%?%% tmae HX r?rphd“ﬁ S‘P%'gréngru%rqﬁ%(?dggﬁy as
olymer molecule results, in which every chaii COntains

new Wﬁﬁﬂlﬁ@ﬂ‘ﬁﬁﬁ%dﬁ%‘%loﬁ?éﬁﬂhusTEbﬁrblr%s PoliRIpReBifang  containing
carboxyiydimphitis gEopestipssipdtself wehitle imgartide the polysutivatscepaiteied with

4.4 bgsm)aa'@@;smgsr@mgmw é?&ﬁ"tépg{?eﬁﬁcﬁ‘feéfi?c?&%? (ﬁ%%grl%adyophshmty of

structure, Ther it ferred to use a polysulfone for
the PoYfIgh nEeh iR lf%se‘itjp aisw‘éﬂFaE'FﬁyaﬂﬁsﬁwB@@?e@%sa§9cﬁm<élsed as
hydroppilysutgnes csldibepleptiredrsynprovitifisg oty policdfoae withady mentioned
above. hW@HH@CWWSWéUWQH@QFQHP RitRY tﬁ%@ol')/}'?ﬂ%'ﬁﬁﬁ'@ﬂyv'@rade is
influen (? Aymertﬁnglo% OL{ reactlo rowdeScLJII %Hiemvtself is hydrophobic & non-

oF - Inversely By provi ng I Rt p8ly Lif6He ﬁHelWCﬁ Hbl% ﬂi@
modifieghaRg dmdﬁ ﬁ@%@&ﬁps’ﬂﬁﬁtﬁ Srederrddnamboiirioiie miophiliophilic
propertadihydishhobich propettiestaee mmﬂaea!wtbm @t@@@lymrawmgmem of
the Ch@ﬁrlaeégWeW{gq %gt%tbsté%@egdd r%yr?ﬁélaé?%%g%’?s Eretferred to

cti sproceed W|thastat|st|c IStri tlon urther, such syst

use a pakeif ﬁ@%of%u#b%e%ﬂﬁlﬂgdrwﬂeblcmymafﬁ@faaﬁ H@Qﬁ?@ﬁa@% wgll as
hydropstdtisticggilynseriZatitriic aplebsiutioedydraphilisengrepmeedndat leastding a
poiysuh%eeWHHOHP&%HH@QH@’bﬁé}ﬁ'éegpfﬁﬂrn%!ﬂ%%‘lr@?cfﬁﬁé"EWQ‘C% QSRR ation

é-mentioned. embodiment of the subsequént modification’via
via 90%8]%1 é}& a

RIOYSuESS VR o REO AR o B IR dSRists iRYAPBIRARIC, or
inverselioguly prewiditionafratdeaphiice poydsofiniie sviioneybkepkhpoignedeithatns or

functrod%@%:@@%@yﬂﬁoﬂ’ﬁ@%@@ﬁ%@ @@%cﬂﬁ*ﬁéﬁ@rt?ﬁbaMY@HHW&GWCHydrOphObIC

respectiv es. ftheh dro h|I|c and h hobic erties’in th
proper O A B2 N Lte ORSRB o s e = et
dIs’mbuﬂyam@m&@rﬁ@hmrWawaﬁéﬁwa%ﬁ@tl%ﬁow@a@wmtﬁf@ﬁmﬁmébumn
Further3@dm‘d@|@m’ﬂ@m&mmhﬂ@lwysmﬁ)hﬁdmlfmw&ﬁ?h%qﬁ]?mm?e can be

r r [ in the
o A e S A o

one hy%%&?@&sﬂ%@ﬂ}ﬁfrogﬁ%ﬁﬁﬁmys%ﬁ%%’E%ﬁw ERSHbONBE B comtig o the
afore-rrepdivded ¢othedinventioh thie reimstgu byt ropbificatichhydrophehia analogous

reactioMEORerHgs @&ﬁ%ﬁ%ﬂbl@@ﬁgwﬁ RRW%Q‘EE?&HI‘?&Q&H&%%”&%E%Q& one

‘ﬁ‘}rmﬁ’%the c ? result i |r1 e effects a
hydropf} S oROBALs W1 (. FEbr 2t DY RBRAYE: foHERne block
po!ymepotgzmenmlwuimioméwmmw@ﬁeuety disposes of the hydrophilic and

hydrophaobic properties in the individual biocks. Another variant consists in converting
at least one hydrophilic monomer in an alternating copolymerization with at least one
hydrophobic monomer. Hereby, the hydrophilic and hydrophobic properties in the
obtained polysulfone are alternatingly distributed in the polymer chain. Further, a
mixture of at least one hydrophilic polysulfone with at ieast one hydrophobic
polysulfone can be applied in the coating according to the invention. Herein, the
hydrophilic and hydrophobic properties are not combined in one polymer molecule
but can be found again in the coating and result in the same effects as in the
aforementioned embodiments.

| For the preparation of the polysuliones, all polymerization reactions known to one

skilled in the art are suitable, such as radical, anionic, cationic or thermal
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skilled in the art are suitable, such as radical, anionic, cationic or thermal 5
polymerization. Examples for the afgrementioned polysulfones as well as
possibilities for the preparation thereof will be described below.
Furthermore, there is the possibility of derivatizing introduced functional

olymegt@iiRs. ek amreaple the i ;%agn heMEYS: %%t
for?he 1%5 alrzd 9%%@3, %he.i d%ﬂ r%%%%%% ac iveﬁggee%t can ggé?y%geSS%illt'eS
eRAsly beysne h\@@/ r é)ﬁ%’ff) ceép%ﬂgm'es of the used polymer e.g. via
introduction of fluorinated compounds (Coll. Polym. Sci. 2001, 279, 727).
Furthersfiarthetinriredgctien ﬁéé@lﬁmﬁl@:{@ﬂ @%ﬁﬂ@ti&f?&@bﬂ@@rﬁlﬁt@ﬁo@%! groups, for
repar [ ide chains nQw consist 0 ey structur uni
exampit ﬁ%h‘%%%%?é%ﬁ?ﬁ@rﬂﬁ%%%%osg,%%co %tigge%f%iciégblﬁﬁg' Thus, the
hydrophaticitr ol BeHfRerseah s rzilyThe inscasnat dretpactdneatyaibephobic
propertigsedfftineg beadipgiwhieh dsqundtabie-de bytselysi sl afraative f%@ﬁﬂi%urﬁda (Coll.
Polvm. ce actve a IS aged i r ichds . 15 controlle
yrin \';E%hegr%}g‘rbl Qs\f? égéﬁg%géﬁg nﬁ‘%jn rt?ﬁ%%rg%%o%dinﬁé§a%?ggs&eqrouDs’ graft
COPOY R B§té¥ BBALAg)Y Féﬁ%?ﬁesé% a5 isMepBsERinfyathenatroriure
units  thaneltion notithe elegive algent thisughiepnaanebibadtittraseiwedle and

biodeg;@d@ﬁ@@@bﬁ{éf@j@ﬁ}pﬁé aBdthat adaptations to many different courses of
disease with diverse requirements concerning the active agent

concentration depending on the time can be achieved 20 with the implant.
The fungliphia R Won SR Aisthb oead e barkims siadebitpHatadsiablidlio hydrotysis

of acﬁweaagaﬂasecémmjntaadéhtiweca@mywtw@é%@@bwr?é PRI hich is also
agety t . chal er the . .
Cmtmu%%n?%oﬁ%a{iﬁﬁgﬁ 2% [%le% po yfgﬁg rélré%{'rﬁgro@/%\cli\{%?/ etn?egaensogf Wf’é'dmg (thioester

bonding, BrLphisceg L IeRIBoti adEantiaas ihésoremsirjivf ineeomstringishution
of the acfigelegsrinio syenscofitherzolyhutrindickids seatahle eARSSENBEES trajectory
i} ' lat] f the; itives..a . differentiation

o rabempenline s e e e AR O e
concemfit i i Ve RSB GRREBA h BERRBERSH08. FircatasmbiRy achioved
with thegigtngoisife yatirtipolyiitists matink aseatenivérsatiingpplideblephinstabled N-
reacetyle@adingapaigraldanibe ﬁ%%&?ﬁ%‘tﬁ%ﬁl@&es}ﬁﬂfbﬁ‘sﬂé?ﬁénf SRRl ated
chitosa&hfeopﬁ'\rg ;?%? andrthHg,li of.%(‘e acrﬁve %%e%t amount in tge_ poclay ulfone i
‘ matrix, n OHW%y&’OpR”IC oyt %rg, uPBIREFRINBALIQ N B EhewRpbymer is
Improveghhyaeaes elstaa dtivesnrresperusicoaumuié.on the one hand the

release kinetics 35 of the at least one antiproliferative, antiinflammatory,

Bu§ fo tg(@:ttg}éﬁgg%ﬁ# i?%ﬁ%ﬁﬁﬁ%@@%@%@ﬁ%‘%@%& ¥a%/sé¥gecl)lf?§e;[ hp%ﬁ‘/mm%rj r\lfstltg)i];h is
variable concerning its composition, as well as in the variation of the additives, a
differentiation depending on the layer with regard to the applied active agenis as well
as with regard fo the concentration can be proceeded. This adaptability distinguishes
the polysulfone matrix as a universally applicable, biostable coating material for the

prevention of the restenocsis.

For the setling of the pore size and thus, of the active agent amount in the
polysulfone matrix, not only hydrophilic polymers, but also minerais and even water
can be used as additives. The pore size controls on the one hand the release kinetics
of the at least one antiproliferative, antiinflammatory, antiphlogistic and/or
antithrombotic active agent as well as the amount of active agent in determined
embodiments, which can be incorporated or respectively deposited in a polysulfone
coafing, since the pores in the polysulfone can serve as an active agent reservoir.
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embodiments, which can be incorporated or respectively deposited in a
polysulfone coating, since the porgs in the polysulfone can serve as an
active agent reservoir. 6 For the creation of pores in the polysulfone
matrix in the application of these additives, different strategies can, or

For thdesResityel\simptsidee Iﬂﬁﬁﬁ@e@olvﬁifm@errﬁ@@rﬁ(e%ﬂQﬁé)deﬁ%ﬁ@eiﬁdgﬁrﬂﬁ%ese
ut t to r with the
addxt;ve% nx%%%gt}%?%?t%% éaﬁ %C}C}g%%’é @I’ pro he V\ﬁu «3 %

Ing potysulfoné on Is'to be coated
accordlng to a suitable method. Hereln, polysulfone homogenous
in princhole pdudnuestsiof the @msiditive oahiich cantbie conrioliegan their theeadsitives are

deposﬂ@E@t&%ﬁ?ﬁgr %Pl%’?ﬂé%ﬁxt%%i%f%eﬂ%%mf%héfﬂ ?@'ﬂ?%&{c%f% :?r%d uct which

ditives,as well as of the matﬁ@&ng%ﬁ one
Is to ‘i‘ﬁlﬁ% AN RENIB R ridvtie el #er \Rﬂb’r%l QR JreRRPgenoUs
comparpokystdfoh&mauiliben b@@mﬂé&mﬂimﬁﬁﬁ)mtmﬂddm$9mm@wmed

depend@f F@nafﬂ@tweeé@egwwﬁéawwﬁﬁ@@ %%tﬂﬁ QEBQ@C%@QB@WQI as
ac ds h ﬁro hilic mersJ acchar%jes Jf osac'g arides

of the FBS "é dideROR 88& SUBRA RV ISR GSIosth FRmRAREents
per vohw@eﬁmt péwmsglw matElaRAanEe GaRirtiethy igse simmiahadeed by

percentagidsthegenatically coded acidic amino acids asparaginic acid,
glutaminic acid; the neutral amino acids alanine, asparagine, cysteine, 20

lutamine, glycine, isoleucine, leucine, methionine, phenylalanine, proline,

As addiiypi, BRRoRMeUTRRIEPHERLAH rGaHBO AAFIESarABBESC ARtio drdsophilic
nolymeaggininexcthstidioe, Iysmmgoaaomaﬁnasebe gepetg,tﬂt}chandmded aijupeptides,
polyvin@AEAsSguhine g4 T9 NG rASe Pr ?H@%IHM?&H@spr g&d Herbis and

répresentatives o -series of these amino acids. Further, the
Walel. representatives of the D-series of these amino acids as weII 25 as
D,L-mixtures of one amino acid as well as D,L-mixtures of more amino

in the c@@g%ﬁﬁﬁepéﬂiﬁ%egmw‘sthﬁe?@%@]Qflgéﬁiﬁa@dé@%n&cﬂﬁtgén%aé@ﬁ% 3&E8raginic
asparaginic, aci utaminic aci alanine
acid, Eﬁ%% %gp &% mehSOIQ-{)-%é téf Bol)?fldautgf% é ,3@%%;@@%'&}/3@1%

QIUtamIB@IyQ_M@,tﬁl@ué‘ﬁﬁéB%ﬂPL leucine, @W%mﬁ»oﬁh@ﬁa@&r}mem&mn%erme
threoni@riepie, Rohsdirseragineo i ridtiieoning: PONHc-aie@hine, histidine,

lysine; 88%%1{3’585{% @\%%ﬁc&?é’o’\iom%deér%'@ﬂ% %%%é- SiRliFing: nd taurine are

ly-C-lysine as ine and poly-taurine are preferr

preferre}fhrﬂﬁaepagmafr@g‘@maﬁ%w e pesdresdpiivs abmnlﬁ@%ms @k these
amino avidsas Dribenitheesmpbenat pitheain thacitl-asrids vidthascDnimixhues efs weali

as D,L-FRYRIA O BRUNAAISAE SYIRBIPas D L-mixtures of more amino acids are

preferred.

in the case of the polyamino acids, the amino acids poly-L-asparaginic acid, poly-L-
glutaminic acid, poly-L-alanine, poly-L-asparagine, poly-L-cysieine, poiy~L-giutamine,
poly-L-glycine, poly-L-isoleucine, poly-L-leucine, poly-L-methionine,  poly-L-
phenvialanine, poly-L-proline, poly-L-serine, poly-L-threonine, poly-L-tryptophan,
poly-L-tyrosine, poly-L-valine, poly-L-arginine, poly-L-histidine, poly-L-lysine as well
as poly-omithine and poly-taurine are preferred. Further also representatives of the
D-series of these polyamino acids as well as D,L-mixtures of one polyamino acid as
well as D,L-mixtures of several polyamino acids are suitable.

in the case of the hydrophilic polymers, giobular molecules such as organic
nanoparticles, star polymers, dendrimers and/or high-branched polymers are
preferred.
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In the case of the hydrophilic polymers, globular molecules such as
organic nanoparticles, star polymers, dendrimers and/or high-branched
polymers are preferred. 7 In the case of the minerals, carbonates,
chlorates, phosphates and sulphates of the cations sodium, calcium,
potassium and/or magnesium are preferred. 5 For the creation of the pore
struct these co partments are subsequently removed from the
In the (560 ﬁlf‘ige'mgﬁrﬁ WhatRARRS EQF@‘T‘Wée%%?ﬁ%ﬁ%Iagﬁu%me% of the
cationStﬁ@qwetdect@mﬁmcbgtaaa:@mp@rdéay,mmm«esambermpre"rmrmﬁ.wuth the
active agent. 10 In the following, three preferred systems for the creation
of th re strugture are br efI descrijbed on the basis of the additive
For tng a(EssgéaZ%? pof rfrber hera ané w%’teli et 1P %%W%?A@rﬁolwwuemiy

remove&défrﬁwas e &gétﬁéiga%em’tmgh Waﬁ&hmny@sxerstmthﬂnﬁemmf@szonal
structurensitiblbdriazeiatogroings! igriesnadipshainy ThaimplemiserEPERRE with the

active G;a'g}q{_branched polymer is integrated into the polysulfone matrix. The
subsequent thermal treatment of the system decomposes the
high-branched pore creator into volatile products of decomposition under
in the folkaing oftaresrpesfrmelihg ysiaopofarstpelymertiayes; Pelysottorssicture are

briefly dlisbRguisbihemselyRsiRE %@dﬂ%@%!%?é@?%r@ﬁ 97?%%@\4}%8&9 Dl 6Qser.

dimension stability, whereby this strategy is applica I means.
Moreover, this thermal treatment can be coupled with the step of
SystemsieMpluMmat which results in an efficient method. System 2: Mineral 25

As polyAsminesaiadditve adhdhe @Wé’@d@ﬁ!%@hhﬁﬁ'ﬂ@%@%@l?@é‘@&cﬁmw’?Piermo-

| lysulf t
o Y S A L
DOfVme‘ééﬁﬁﬁ %F@@/di‘@fbﬁ R BrivrUlpien rgédx n“éhmt‘éué@?wuﬁﬂhéﬂﬁfm&reatment
of the mmwm@seeSMQMmb@ﬂmbw%rwfuﬁéa'ﬁ@rlﬂi@ja%%ﬂ@@ﬁbducts of

I I h
socontie sistesshi o e, HCOREA SO RIS e

car

- Polysul %ﬁuﬂ&%ﬂ%ﬁﬂ &%ﬁ%ﬁ?ﬁmtgtﬁé\ﬁélﬁrpap*&%%ﬁméﬁf&aﬁ siahiliy gind high
-dimensigphetidalitshaperénettusterexegliest spsiitande bfthé podysigdfidieseovar, this

-thermal 98N AAAERSHE GRIRIGASIRS el a8 dherhydrqlysinsiatiiix hﬂf‘gﬁults in an

offi tmlnih gatddltlves can be completely 35 removed in the acid bath
icien s the desired nanoporous structure of the

Sysiem 2: Mineral

As mineral additive, e.g. the physiologically harmiess compound calcium carbonate is
applied. The polysulfone matrix consists of doubie hydrophilic biock copoiymers.
These double hydrophilic block copolymers comprise a hydrophilic block, which does
not interact with the mineral additive, and a second polyeiectrolite biock, which
interacts strongly with the surfaces of the mineral additive. These block copolymers
have growth modifying effects in the crystallization of caicium carbonate. The
resulting mineral compartments have an approximately oval, bar-bell or spherical

- shape. Due to the excellent resistance of the polysulfones against aggressive

chemicals as well as the hydrolysis stability, the mineral additives can be compietely
removed in the acid bath. What remains is the desired nanoporous structure of the
polysuifone matrix.
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polysulfone matrix. 8 System 3: Water As fluid additive, water comes into
consideration as easiest solution ingthe case of the coating of the medical
product with polar active agents. In the use of the spraying method, the
polysulfone is present in an organic solvent such as e.g. chloroform. The 5
Systemchloyafarm solution saturated with polysulfone is only conditionally
le of the_further re ept| active a e.nt Th S the o
s i S A8 & B R e e
coating ﬁp@%ﬁaﬁdf@aﬂn@r@&ﬂgawﬁ{érﬁglaftadﬂwé @@ﬁféﬁmm dﬁ%é% r%d@%fsﬁh@ymg
methodmadigalypyaitiet. Subesagmentysiheyeairy ﬁﬂnmheeememaaﬁmﬁrdmeamn The

chl orofo*?ﬁwrﬁBTB ﬁﬂ compiately i ré%?yéﬁ?ﬁﬁﬂébbé "B 2 é&g@o %iﬁﬁ%&ﬁ?&&% of the

rym at remains are na orous structure e active

further %’g@ﬁg‘%@ RS ¥R R8RENTRAIN BEIFE PoreaIeH G@ﬁ@r‘@%é’&‘r}?ma“y in
the aqueonsephtise, stopshwithiadtivéhegeht sissalpeditionaterasdoomfesaiphents after

the dep%‘éﬁﬁﬁ%ﬁnﬁée%%’&'r&g the t%m%“%@&!ﬁt'@)\ﬂ@&bhh&ﬂ st gdaYer from
ive agent was also dissolved t rW|t sulfone in

these cBRITIATS HETo B TS e I e R S o 16 s of 6.

the freezgedtying adbadfieanaincoara 6ﬁm@mﬂu§o$mimﬁueqﬁd@aﬁ@cw6%fbﬁnacﬁve

agent. TRE ByiRe @@@ﬁs&m@nm:ﬁr@wﬂw pRyek atak 8 unthe ey efobdnsecutive

steps wﬁ%”gé{@rataegerﬂé’ﬁffs%%% 'P«é‘i‘eer 5@%‘@1%?8%8[}9%25% e‘é%ﬂl%ﬂteﬂ%aé% rying.

essary exposure o e use o active agen

in the '@QB&%‘&&@X&#IB%M |§1§s§69§ﬁf§fcﬁﬁ;%f8?@lh%c§éﬁo%ﬁﬁm Sf@ealso Gissolved
togethepolyittilfahe madivsaifdtise 20 ekpmsdoers retuceddioavinininnuredsr thd  the

concentﬁ’é%BﬂrBF%Oéé’tu%@%?ﬁéﬂt%%"é%oé‘i‘@&@a ﬁ’o'ﬁ?ét&ﬂSrB%YﬁP@ﬂﬁséﬂdSmce

at .least one antlpro erative, antiinf ammatog% antlp OgIStIC and/or
§

the chiofpiRMbAALEY %%tW&%%PPfuﬁ‘ﬁE’rVGFéfé?%l oREAELAOLuTtalti FRiREporm
concenieggsoratoreasilydi.en2sawhiichtaee fiolstiled suwdagpfodexidmplbich  entails an

unnece@g?fpé%ﬁ’ﬂsm@lﬂf e @ltt@ﬂa'ﬂ%@%% \A?é%@?oé‘@ a‘&ﬂ@%@ént substrate,
hiorof thanol, |s anol dlitéylteth rand %/ afa\ﬁ a vfnc mor%e)?\ggd the
chioro 068?1 &?e%sa‘% é{ R At BF’ TH2pNG Rhllig B aé%sr'ﬁ MY ATEY
eXPOSU@méﬁduﬂﬁér&)@, WEERdGhtents from 1.6 - 15%, preferably 2.1 - 10%, ‘
more preferably 2.6 - 7.9% and especially preferably 3.3 - 6.8% are

For theZDu't Sl ”&e% T%d ?n%f ] g"é{ﬁ;éa‘é‘ﬁ Ll %%'Xﬁs‘ﬂl%%ee and at

actlve agen omogeneous SO e cre

least opgpAPRIRl ﬁf@%roﬁﬁﬂf&ﬁ&?Wﬁ%‘%&ct@@ﬁ%ﬁ@@@roﬁﬁgﬁi’én@"Bftfﬁémbo"’g
active apdysuffotieecaprbfeaiddywanbekrfhusidt sUitesizamplzpossipertste easily, ie.

which ard/ r\'}&%ﬁ-\é‘? such as for example chloroform, dichloromethane, fetrahydrofuran,
acetone, methanol, ethanol, isopropanol, diethy! ether and ethyi acetate and which
moreover can be saturated with water or be prepared having a particular water
content. Thereby, water contenis from 1.6 — 15%, preferably 2.1 — 10%, mors
preferably 2.6 — 7.9% and especially preferably 3.3 — 6.8% are suitabie. Further, it is
preferred if organic solvent, water, polysulfione and active agent form a
homogeneous solufion.

Via the creation of copolymers, the hydrophilicity or, respectively, the hydrophobicity

- of the polysulione can be also varied. Thus, it is for exampie possible {0 synthesize

polysulfone copolymers by means of 4,4-bis(hydroxyphenyl}-pentanoic acid (BPA),
so that in this way, carboxylic side groups are introduced, which lower the
hydrophobicity of the polysulfone mairix. Moreover, it is now possible to derivatize
intfroduced functional groups, for example the carboxylic group (Macrom. Chem.
Phys. 195 (1894), 1708; Coll. Polym. Sci. 278 (2001}, 727).
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acid (BPA), so that in this way, carl%]oxylic side groups are introduced,

which lower the hydrophobicity of the polysulfone matrix. Moreover, it is

now possible to derivatize introduced functional groups, for example the

carboxylic group (Macrom. Chem. Phys. 195 (1994), 1709; Coll. Polym.

, Sci. 279 (2001), 727), 9 Via the possibility of forming of at least two layers
Via the SN RO & i MOS0 A O T HOH v VaRaDle
its compasdiion cfsheeltiditvés, teditrmatiyra Hythedegdiites, diffeiigntiatipnaniayer-
dependERfRAFERitaRIPlIedaGMG BpeiSANG 85HiDIRREAS WS as in respect
of the c%n%%ntr%té%g can, Qﬁ cggdu(%e%. gpl ad? Iabllltg c&st@%wsh stthe _ H

SfyStmone matriXas a-universary géplica R, GSERIBR Ty adfigiv@ings the
polysulfgpenairavéaitich bhivateabsisrplinabiahdiostabieneaatpastaterial for the
preventpalysiiéenesdsipreferred. Thermoplastic 10 polysulfones can be

deformed plastically (plastic) under the influence of heat (thermo).

Generally, thermoplastic polysulfones consist of linear or less branched
Further  BigcuiéSenafls. (Rﬁﬁ%%%?@ﬂ, tRYEMH Pssx R d N BpE@eichiliye WeRetzstic
polysulfurteercaratesl, tedgreaad ebwitmEl coniatite)y andde ttebuilifiliznce of heat
(thermoz.a@%@rra!'!S/',S@@%ﬁ%gtiwﬁéﬁ@ﬁ&%@a@&ﬁﬁgﬂyﬁp'T &3 AVRss pranched

ydrophili well as hydrophobic propertjes. 15 Such thermoplastic
moleculy Ko L i ShEe ARV A D BPeR ol S-S5 HiRGsien further
heated, dbesranmy s thealiedcaayiainiy anstHurisabaifolynmarionlagduss preferred if
these tHERRLPRIHYI QK RARAIYBE HEAEORSIE BAINESE 28R OBt WiBperties.

' ' The th ti lym tained in that .
suoh e O R el arod s Coot Ao At b

synthesigeth AGsRrtadiizaniiy, ASyaritessobemirnsctidtealn apltiperolgsaiogous
reactiodsiglllalemmwwmmmresiw@m@a;ﬁ@ﬁ @gmﬁ?iﬁbﬁmiﬁﬂﬁﬁ%phobic
| t r I IC sulfone
onomi$¥! 0 ERASERB AR SAIRE AU TR BRI o
medical pipdiie foaisH DaME LSYBANRArMUIEREL plepizantity tesistance
againstd@ atehraocaddOh@UIBhREy (bighlstepiignydéndirmetioiyh1 resistance against
aggressivRRERARBEOXY et 2SORIGPYHERASH RRRBYEAG);, T he polysulfones

which are applicable for the coating according to the'invention have 30

the following general structure according to formula (1):
A preferred thermoplastic polysulfone is synthesized from bisphenol A and 4,4'-

dichlorophenylsulfone via polycondensation reactions (see following formula (if)).

10-L0-~0+0

Polyfoxy-1,4-phenyiene-sulfonyl-1,4-phenylene-oxy-(4,4 “isopropylidenediphenylene)]

The polysulfones which are applicable for the coating according to the invention have
the foliowing general structure according to formula (I):



10

12

20

25

30

35

O 11 RY-S-R'z 11 0n 10 wherein n represents the grade of
polymerization, which is in the rangg from n = 10 to n = 10.000, preferably

in the range from n = 20 to n = 3.000, further preferably in the 5 range

from n =40 to n = 1.000, further preferably in the range fromn=60ton =
500, further preferably in the range from n = 80 to n = 250 and patrticularly
preferable in the range from n = 100 to n = 200. Further, it is preferred if n
wherein is in such a range that a weight average of the polymer of 10 60.000 -

n repregatodtegarrsieppéfedvyerzationow lgbomméhw@ﬁaﬁpﬁr@@ab@ 10fon=

10.000, 89:6ePab19 79 ARDIAmeysomore preerably 849000, SuB00-giredtrably in the
range frBarthUlq{&/ oy refeqa@&fﬁﬁ%%r %%%%%%m tﬁ“é? ﬂ{ﬁ'ﬁ\{’?n BdSon = 500,

eferred |fn|s in such’a range ber ave the polymer |n

further Faf%ﬁ?@é)h‘dﬁ] 91566097 (7HB0 rg;/mép 5%%@9%&}%9%6“'%@@@% e in
the ranggimobrfurtha0preferabl082.000 - 60.000, still more preferred 35.000 -
59.000, and particularly preferable from 45.000 - 58.000 g/mol results. Y
and z are integer numbers ip the ran e frm 1 tog]\f/‘(E1 and R an

FUther S RIRIEHES Of BARI TN o e g} Gl RIS 43 BapB povmer of
60.000 at6a{s 080 Q/@wa&omaf@rgtémméxﬂﬂgza &9 29 6zgbion! aferwerapreferably 80.000

_ 07.00BtRREOMSE Grewe hendngablp 1Ekcarion alonsoce gyelerlikuirnegrabmarty
preferatgg é?oéé g Bﬁ%on atolm 58Rs alkylenearyiene group having 6 to 20
.

anar eneal féne group having 6 to 20 carbon atoms, an
Moreovaikyleredigignses Havirg 1&&92%#%@%%%‘%&%@8&@6@9@ of the

polymenayiagraigdroathzn, atoms, Z0ME0er apryisingmejegsolip eing(B00(25 25,000
g/mol, fufé??ﬁ ‘?‘5? %’f‘S@B‘L%@%%%er % égréfé‘?r%tr] %3Bep AYPHARD, and

eneary ene avn;z.g 6 to 20 carbon atoms or an
particulaiyi eretargrd %&ﬁpha\ﬁ BUSID YRS toms. The foregoing

groups can have further substituents, particularly those which are

Y and 9eSPUDRARRIPAMERRSIHUIGE RREUiRRAS138 10, and R and R' mean
independently of each other an alkylene group having 1 to 12 carbon atoms, an
aromatic group having 6 fo 20 carbon atoms, a heteroaromatic group having 2 to 10
carbon atoms, -a cycloalkylene group having 3 fe 15 carbon atoms, an
alkylenearylene group having 6 to 20 carbon atoms, an arylenealkylene group having
6 to 20 carbon atoms, an alkyleneoxy group ‘having 1 fo 12 carbon atoms, an
aryleneoxygroup having 6 fo 20 carbon atoms, a heteroarylensoxy group having 6 fo
20 carbon atoms, a cycloalkyleneoxy group having 3 fo 15 carbon atoms, an
alkylenearyieneoxy group having 6 to 20 carbon atoms or an arylensalkyleneoxy
group having 6 to 20 carbon atoms. The foregoing groups can have further
substituents, particularly those which are described below by "substituted”
polysuifones.

Examples for the groups R and R are -R'-, -R’>-, -R*-, -R~, -R-, -R™-,
—R-R%, -R-R%*, -R-R%, -R-R-R>-, -R“R-R- -R-R-R-R'-
~R'-RZ-R*R-R*- as well as ~R'-R*-R*-R*R°-R°~;

wherein R', R?, R®, R*, R® and R® represent independently of each other the foliowing

groups:
—CHg—, ~CoHae—, —CH(OH}-, ~CH(SH}-, ~CH(NH -, ~CH({OCH3},
~C(OCHs)p~,  ~CH(SCHz)~, ~C(SCHs)—, ~CH(NH(CHs))~,  —C(N(CHs)e},

~CH(OCHs~, ~C({OCsHs)p~, —CHF—-, ~CHCi~, ~CHBr-, -CFr-, ~CClp,
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Examples for the groups R and R' are -R'-, -R2-, -R3-, -R4-, -R5-, -R6-,
-R'-R2_, -R3-R4-, -R5-R6-, -R1-R2-R3-, R4 R5 R6-, -R1- R2 R3-R4-,
-R'-R2- R3 R4-R5- as well as -R1-R3-R3-R4-R5-R6-; wherein R1, R2, R3,
R4, R5 and R6 represent independently of each other the following 35

grou C2H4- H(O CH(OCH3
~CBr— ¢ @ﬂé%?%ﬁhcsc@ﬁ@é%ﬁ% FWE‘? B st(N(Cﬁ%S‘éS?) CHs)
~CH(C O@a B 2H5)- ~CXtiei2435) 2-, c+¢F(C%®Me,| -CHBHJ(CFR}~CCI2--QlCHs )7,
—CH(COBBID=, %@@@NH(@HKPOO@H%OWQQ 2H5) -CH(COCH3)-,

_ CH(CQC2HS)-, C(CH3)2-, -CH( 2H5)2-,
Cs V'CH(Cgp% CHF@N—I-%(CHS e gl—?(CON( 3H46-, -CYH8CsHe,
cyclo-Cahrg-, @BFIQU iéyﬁo C3H@CEcto- CSH@Cz‘S{cyclo C—@%«\Ha" ~OC4Hg—,

—OCsHEC—yCIO—(CEH&WQCH-ZJHQ(QGZH4-G£9Q@46 L Ht8=,, -OGIIHRO-,  ~CsHeO—,
—CH1,0RCOHLRQm £ 20-, C@Héo C3H60N I‘:“SO C5@%4HESH109\IHCDH9—,

NHCHZ zj}l?fzz |46 NHC4 8. CNHC5 6H1
“NHCGH@HQNH"C arteNiaNHC s HonErHahdd R ONELsHoNH-,
~CeH1oNEEH2 — ST hHA- ~‘§©3H6-, SG%QS‘%-SCMF@GQHJ:M@G@QHZ—SSCBHW—,
~CHsS= CZtlék%,s-C +3CAHBRH -65HIAE 14

10§ §H4 -C6H3(C'H3)-,

C6H3( C6MH3(0 fNHz) -CBH3(F
—Cefiem C6H3(§F)H@§a§%bcm) géﬁ%@%ﬁj _C6H E 86H3(NH2}‘r
—CeHa(CsH3(0002RE ) -CcoHs@OeR)-- C»6H3(E§®bb(-¢$§1He()35H3(OOeCM$CH3 ,

quHz(COGH%(}NHﬁ&iﬁﬁ%ﬁl@@%}%@: H—%@H 335& 3(COOCH:}-,
“CSH3(C§§%@§'ZH5) %%ﬁ% %CGHséﬁﬁﬁﬁgﬁﬁ“ 3(Cl)-, L ?&ONH2>"
~CeH3(CEHNEIS B3(OCH3)- OC6H3(SCH3),

-OCSH4-QC6H®€OQGH@}‘13}QC6H@CW&WC%@Q@BH)—, ~OCgHa(NHz}—,
~OCeH (@ H3L@5@ f\:sz)u: @%@iﬁ CH3)): FRfjeH(SCHa
-—OC3H3£g ON‘(‘ |-|3(t§% COOCHS}“,

—OCsH3(CEHBHHO:, 06H3(NH2)©Csf-@(M(@H€)}— C6H3(F)O ,—OEHBENCH;). 1,
—~OCeHCOMBOCHIEE 1O BIHNBIEES E?L SUEOR
8148)0 ke M%%Q)O-CGH%NHQO—,

orc e L

*CeHs(C&@HG(C@NMEOSD—zs B BORH(CHIPOL(QBHACON (GISR2STH)O-,
—CeHa( RRBHAO-S CHHHTH TP CHG I3 (C2HRH 1 BCRHYOH) -, -SCAEI3NHR )0,
—CeH3(COOC,Hs)O~, ~CoHa(NH(CH3))O~, ~CaHa(N(CHs)p)O—, —CoHa(CONH,)O—,
—CgH3(CONH(CH3))O—, —CgH3(CON(CH3)2)0—,

~8CeHs—,  ~SCeHa(CHal-,  -SCoH3(CoHs)-, ~SCeHa(OH)}-,  —SCaHa(NH,)-,
~SCeHa(Cl)-, —SCeHa(F), =SCeHa(Bri- , -SCgHa(OCHsl-, ~SCgHa(SCHs)-,
~SCeHa(COCHa)-,  ~SCeH3(COCzHs)~,  —SCeH3(COOH)-,  —SCeHz(COOCH;)-,

~SCeH3(COOC,Hs ), —SCeHa(NH(CHz))}—, —SCeH3a(N(CH3z)2 ),
~SCeHs(CONHy)-, ~SCsHa(CONH(CH3)}~, ~SCeHa(CON(CHa)a)-,

~CeHS—, ~CoHa(CH3)S—, ~CoHa(CoHs)S—, —CoHa(OH)S—,  —~CeHa(NH,)S—,
~CoH3(Cl)S~, ~CeHa(F)S—, —CeHs(Br)S— , —CeHa(OCH3)S— , ~CoHa(SCHa)S—,
~CeHa(COCH;)S~,  —CeHa(COCH5)S—,  —CoHa(COOH)S—, ~CoHa(COOCHs)S—.
~CeHa(COOC,Hs5)S—, ~CoH3(NH(CH3))S-, ~CoHa(N(CH3)2)S—,
~CoH3(CONH2)S—, —CeHa(CONH(CHs))S—, ~CgHa(CON(CHa))S—,

~NH-CegH—, ~NH-CgHa(CHz)-, ~NH-CgHa(CoHs)—, ~NH=CgHa(OH)-,
~NH-CeHa(NHz)-,  ~NH-CgHa(Cll=,  —NH-CgHs(Fl-,  —~NH=CgHy(Bri-
~NH—CgHs(OCHs - ~NH-CgH3(SCH3)~, ~NH~CgH3(COCH; -

~NH-CeH3(COCsHs ), " —NH-CgH3(COOH -, —NH~CgHs(COOCH; -,
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-SC6H3(CI)-, -SC6H3(F)-, -SCB6H3(Br)- , -SC6H3(OCH3)-,
-SC6H3(SCH3)-, -SC6H3(000H3)-, -SCEH3(COC2HS)-,
-SC6H3(COOH)-, -SCBH3(COOCH3)-, SC6H3(000C2H5)-,
-SC6H3(NH(CH3))-, -SC6H3(N(CI '13)2)-, 30 -SC6H3(CONH2)-,

—NH—-Cq QN}U(CH?’)) ﬁ}g =, ~COHAS- NEOHHCHRISH. ), )-
e DRARE st R A ol )

—CBH4—ME{6H3(OO(}H3}$3(GBGHB(HGOZHS)&C@&IEQ:(EEQGN){& —CeH3z(OH-NH-,
"—CsHs(NQgE%@”gﬁéfﬁ% OO 215, B CONHIC e N
~CeHa(Q N CH3)2)s-, - %éﬁ‘%‘ 6H3(CH3), NHQ% ﬂi@%ﬁé{
~CsHa( CQQQ%HB«(@H) -NH- ce@gm@éyowhwéﬂs(0|)- -NHBEH

~CaHa( COCEHBERA=, -NH- C&@@W%%%H%(SCH3)-~CGH3(N(CHa)z}—NH-~

~Cott N ooc P 17 N B DBOCIAEN N BB G-

-NH-C6H3(N(CH3)2)-, -NH-C6H3(CONH2)-, -NH-C6H3(CONH(CH3))-,
ParticulaNi fCeBEONEOHB) 2)Hfor@8HE Nvb| COHBICHB)tNIES, wherein the groups

R, “REH3(G2HS)-M- EGI—LS@_I:W[:\W -GESRAUAR I BherteinB(Chr NEtR other
_C6H3(F)-NH-, -C6H3(Br)-NH-, 5 -C5 H3)-NH- 3(SCH3JNH-¢

the  follpwing(OBHRS:NH-, @ooz 06H3(O@%f J-NH-, -8 a2

—SOzCs@GHB@O@RHW*%QS@@@Q%@QENW C6H3(NH(CH3)) NH-,
-C6H3(N(CH3)2)-NH-, -C6H3(CONH2)-NH-, -C6H3(CONH(CH3))-NH-,

R and R'C6H:i£i lcglr(f‘:eH re)zzéfI}{H gé%ﬁéﬁﬂgw 8&%‘?% ?ﬁ%@y%’ifg%ﬁoﬁy which

elir mixuures, w

is bOUﬁdRﬂFﬁﬁﬁgﬁ@éﬁéﬁéﬁP|W@®M€Fﬁfﬁ%ﬁ§é@1@ﬂ°{& the folléwing groups:
-C6H40-, -C(CH3)2-, -C6H4-, -C6H4S02-, -SO2C6H4-, -OC6H4-, and

Accordmr%}tl_' %95%?3 Ro"iﬁs'ﬁif?ﬂ?‘% Ry R RS A ﬁpﬁéée'?éspectzvely, for the

entyo edac pre erabyam0| ety which is boun
biostablsuipee grdti H%%ﬁﬁébé%r%lﬁﬁ% Cﬁéc@%ﬂh% v thcfHBp”S%

polyethpalyiSoliene subistifbbsulionigstnespalitnely, fooiehdnysatiieniayersisiguted
polypheSiaRiaday, g) [ﬁf@ﬁl@%‘%’cﬂ‘)&é@%’%@w Vﬂ@%é@i‘ﬂi‘ﬂé’%ﬁ%o%ulfcne block

oI ethersylfone, su stlt ted ulfone, poI l
copolyigrs M HOYRRE NGy NS DR e R THERIIee polysuifone
biock copmriitoeraed ol ysifioms l@fbﬁl@ é@pﬁﬂ?ﬁﬁér@%@ﬁﬁﬂaormated polysulfone
block copolymers, substituted polysulfone block copolymers and/or

The termmlxt“sruer?sﬂ tpedfpregl%{%g %m%r to be undersiood as polysulfones which

possess functional groups. Especially the methylene units can have one or two
substituents and the phenylene units one, two, three, or four substituents. Exampies
for these substituents {also referred fo as: X, X', X', X"} are:

~OH, —OCH;, ~OC,Hs, —SH, -SCHj;, —SCoHs, ~NO,, —~F, ~Cif, -Br, -1, =N,
-CN, —~OCN, —-NCO, ~8CN, =-NCS, -CHO, -COCHs, -COCzHs, —COOH,
~COCN, —COOCH;, ~COOC:Hs, ~CONH;, —~CONHCHs, —CONHC,Hs,
~CON(CHs)s, —CON(CaHs)p, —NH,, —NHCH;, —NHCoHs, ~N(CHzlz, —N(CoHsle,
~S0OCH,;, -SOC,Hs, =S0sCHs,  —S0,CoHs, ~8S0sH, -8S03CH3;, —~S03CoHs,
—0OCF;, ~0O—COOCHS;, ~0O-COOCHs, ~NH-CO-NH,, ~NH~CS—NH,,
—NH-C(=NH}-NH;, —0O-CO-NH;, -NH-CO-OCH;, ~NH-CO-OCoHs, ~CHF
~CHF,, ~CFi, —CH,Cl —CHCl, -CCls, -CH.Br —-CHBr;, -CBry, —CHJ ~CHi,
—Cls, —CHs, ~CoHs, —CaMy, —CH(CHs)e, —CiHg, ~CHy—CH(CHs);, —CHz—COOH,
—CH(CH3CoHs, —C(CHa)s, —H. Further preferred substituants or functional groups
are —CH»—X and —-CoHs—X.



25 The term "substituted" polysufones is to be understood as polysulfones
which possess functional groups. Especially the methylene units can
have one or two substituents and the phenylene units one, two, three, or
four substituents. Examples for these substituents (also referred to as: X,

"\ are: -OH. -QCH3,.-QC2H5, -SH. -SCH3, -SC2H5. -NO2. -F. -Cl
he follyling @l SR REBER R iEe! BT ey unts for
polysulignseo Heetaraibi the poiNme® onk3consisioghshesomprmating units. It is
howeve CANHCIISHE ONHE 2B, ph@N(CHBE, r&3RN(62HD)R oNBRcHY RAEHSesent
besides i VERNTIaY _SOCH3, -SOC2H5, -SO2CHS3,
es*des-g%é%{;&ﬁ%s%gs%?@s%{é%zﬁ%&éﬁ ' _OCF3, -0-COOCH3,

-0-COOC2HS5, -NH-CO-NH2, -NH-CS-NH2, 35 -NH-C(=NH)-NH2,

-6-CO-NH2, -NH-CO-OCH3, -NH-CO-OC2H5, -GH2F -CHF2, -CF3,

CH2Cl i2, ©CI3, -CH2Br -CHBr2, -Cf‘Br?a, -CH21 -CHI2, -C13/ ]
CH3 -C?’é—LZ, CH(CH3)2, -C4H9, H(C 3)2,(“3-CH OH,
{CH(C 5. HC(gHS) , -H. Further pre b et -
functional groupsCare -CH2-X and -CZH4-£. 13 Thefollo ggg g

uctural formulas representpreferred repeating units for polysulfones.
Preferably, the polymers only consist of these repeating units. It is - n
howeveralsgRoggible that in one polymer other repmélrtiﬁ, or blocks
are present besides the shown repeating units. Preferred are: 5 X" O'0 S
O 10 nn formula (lli) formula (IV) X, X', n and R" have independently of
X, X, ngivh Bthevthdbpesdnsthiciietpsieativay. the' ab@ g peptitied 2o B8
0n54n formula (V) formula (VI)

T 4
fo-OFont %
O O
L Jn -4 n
formula (V) : tormuia (V1)
_ XM X" 3 X" ~
i 7
—=+CF, ﬁ — ——D—@}%—R’———-
O O
L R B NG dn

formula (Vi) formuia (VHI)

X, X', nand R have independently of each other the above mentioned meaning.

p— Xm s
0
~—-—o‘@)—%~—cr~s2—~——
o
L X,. - N

formula (IX}



Xa, X";0 cFzS-"ii00 nXen formula (VII) formula (VIII) 10 X, X, n and
R" have independently of each otherthe above mentioned meaning. X 0
11 F+CH210 X" n formula (IX) 14 Further, polysulfones of the following
general formula (X) are preferred: XII X", 0 O S O-Ar-- n 5 wherein Ar
represents: x X X, O O Ph X X, x X.x X, XX, PhPhPhCH3 X X, X X, -6

0,00 h ind dently of h gther the ab
e RS RS e

preferred:
_ Xli XH( .
i
0 ﬁ O—Ar—r
O
L 4n
5  wherein Ar represents:
X X X
| |
@ S
S @
O 0
Ph
X X' X '
O
X X X X'
Ph Ph Ph CHs
X X

X, X' and n have independently of each other the above mentioned meaning.

Furthermore, the following repeating units are preferred:
10
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156

1015 XX'VX"a OSO-I-On formula(Xl) XX'VX"SSO OOn 5

formula (XI) X X' X" X™ R"O 11-ccd O Il R" O n formula (XIlI) 10 X,

X', X", X" and n have independentﬁr‘:’of each other the above mentioned

meaning. R" and R™ can represent independently of each other a

substituent, gs it is defined for X or X', . 9) can represeqt,independently of

each offier & group -R'-H or -R2-H. An peatingunit has a
i ' | for exga_ﬁ\ple

cyclic substituent between two arom ngs I» suc
formula ’@ "X Q *F%R" la (XIV) 16 X
X, VX I
0
— n
formula (XI)
i X! XIF Xlﬂ _
O O
I i
0O O
L -n
formuia (Xii)
_ X F " X"I _
Rll ?
- O % O_.__
RIH O
” - n
formuia (Xi1)

X, X', X", X" and n have independently of each other the above mentioned meaning.
R" and R"™ can represent independently of each other a substituent, as it is defined
for X or X', or can represent independently of each other a group —R'—H or -R?>-H.

Another preferred repeating unit has a cyclic substituent between two aromatic rings
such as for exampie formuta (XiV) or (XV}:

X

X X"
° @ ]
O

R
NS

=0

Rl!

formuta (XIV)

X“l
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Ol OSOIl O 0YR"n O formula (XV) R" preferably represents-CH2-,
-OCH2-, -CH20-, -0-, -C2H4-, -C3Hé$-, 5 -CH(OH)-. The group -*R-R"-
preferably represents a cyclic este}, amide, carbonate, urea or urethane
such as for example: -O-CO-0O-, -O-CO-0O-CH2-, -O-CO-0O-C2H4-,
-CH2-0-CO-0-CH2-, -CZI%L-, -C3H6-, -C4H8-, -C5H10-,-£6H12-,
-0-GO-NH-, -NH-CO-NH-,'FO-CO-NH-CH2-, -0-CO-NH-G2H4-,

sQ2/ -CRH4
-C3H6-0O-, -C4Hg-0
-C3H6-CO-, -C4Hg-C®-, -C2H4-CO-CH2-, -C2H4-CO-C2H4-, n
-0-CO-CH2-, -O*20-C2H4-, -O-CO-C2H2-, -CH2-O-CO-CH2-, or cyclic
esters, which 15 tontain an aromatic ring. In the following, polymer
analogous reactiéhs will be described, which are known to one skilled in
the art and serve for the moggieatien ?{(%; polysulfones. ao 0 1 -00--0 n
0000O-{()}OsO OC:CH2 CHZCI n 20 formula (ll1A) 17
Chloromethylene groups as moieties X and X' can be introduced by use of

R" preffsahbldeyescaiSiMbEand-d-tatddyst su€ia®SnCHOwhichEhéhcan bestHs—,
~CH(OHutherhe group —*R-R"— preferably represents a cyclic ester, amide,
carbonate, urea or urethane such as for example: ~0-C0O-0-, -0-CO-0-CHo~,

~O=-CO~-0-Cols—, —CH-0-CO-0-CHg—, ~Cabg, ~CaHe—,
~C4Hg~, —-CsHig—, —CeHiz—, —O-CO-NH-, -NH-CO-NH-, ~0O-CO-NH-CHz-,
- O=-CO-NH-CoHy, —NH-CO-NH~CHz—, ~NH=-CO~NH-CoHz~,

—NH~-CO~-0-CHz-, —NH-CO-0-CoHy—, —CH~O-CO~-NH-CHz~, =~CoMH~SO.-,
—C3HeS0s~, —LCiHg8S0,~, ~CoHe=S0,~CHp—, —CoMH~SO~CoHs—, ~CyH4~0-,
—CaHg~0—, ~C4Hg—O—, —~CopH 4 O~CHo—, ~CoMa~0-CoH g, ~CoHs—CO0—,
—CaHe—CO—, ~CiHe~CO-, -CoHi~CO-CHy—, —~CoH~CO-Coty—, —-0O-CO-CHo—,
—O0-CO~-CoHy~, -O-CO-CoHy—, ~CHp-O-CO~-CHz—, or cyclic esters, which
contain an aromatic ring.

in the following, polymer analogous reactions will be dascribed, which are known fo
one skilled in the art and serve for the modification of the polysulfones.

e OO O
- | ”

_ CICH CH,CI Jon

|

O

n

formula (lIA}
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substituted. Via these reactions, for example hydroxyl groups, amino
groups, carboxylate groups, ether ar alkyl groups can be introduced by a
nucleophilic 5 substitution, which aﬁ bound to the aromat via a methylene
group. A reaction with alcoholates, such as for example a phenolate,

, olate, 10late, propapolate or,isopropanolate results
Chiororﬁ?%%?j?ne%tﬂﬁﬁﬁéa gﬁ s‘?tﬁ%io%oégébd:re%oa%%ve?eﬁ'@% %#%hcéa & 'By use of
formaldghiiemEtiiiidae grfigs. catalYSGRY gty Silfeke Whichipbisicaaidae further
substitugedupsis dbtziredsaOtions] Thr0 eXROPBR iyt fomphularélbs) vaarein groups,
carboxyTate A BXPRP IS FRRrese ik an GikvijRoiely Of)@rw\m%edl%g hg tﬂgcieophiﬁc

moieties. X" and X" can be introduced, as far as not yet present in

substitufion, WRE &fen 8rihg BIRHRHG YaartBIR ey 8NE- 9o P nAoreactipy with

alcoholgtes @0 s formeramits GQOEOGEH betrylde;-G@w@iaiel ethanolate,

propanéiOf OSBRI e8Iy 20 48 Sasidemantfetes HosRitdMe Socurred at

over 7509Gf H‘Pés tg%%r}%s §8 q%r'wre]}ro%{? ed_, Ww atfﬁrlgcgmﬁ roceegIngll_ogéan%eﬁ?riipophiﬁc
] doutC)Z]e deprotona |0an§/ eans of & stroﬁg% se,réq.g‘.j%}ﬁ |

side groups is obfained:

formula (lIB)
wherein
R** for example represents an alkyl moisty or aryl moiety.

The moieties X" and X" can be introduced, as far as not yet present in the
monomers, at the polymer by following reaction:

7
04000
G
- formula (IIC) Iy COOH  COOH - n
7
[-0+0--0--0-
O
- COOR COOR -~ n

formula (HD)
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or tert-BuLi, and by subsequently adding an electrophile. In the above
exemplary case, carbon dioxide was added for the introduction of the
ester group and the 5 obtained carbbonic acid group was esterified in
another step A combination according to the invention of a polysulfone

Besides w'&? |e8 Pe'edo%(?l 8{‘@&\4{@ IROPhQDIC AICHERIShy 4t first

eve yt e use of polysultfone accordlng to formula {AB

proceedeage@hapwﬁhoamm %r@a&m%%rm@@mﬁ PR RSN ErGrids B UL
or tert-Bafihpthroblyguifobesqocmdish asthercamrange fopmie8dt : B% ab@% e98%plary

case, cgfﬁéﬁrrﬁ%%@s\x@ég %9 9&"/%&5?{%?%&5@@0%2@@ 10,4 83eBPLAIUP 1@Nnd the
(3%, 36% t0 64%, 43% to 57% 50% t% 50%, These percentage

obtaineq carbogie, aa&*ﬁ@f&ﬂﬁnﬁ’&%%% Biffat EHecgf‘cﬁ)eiarophll|c and

hydrophobic polysulfones and are not limited to the above-mentioned

A combﬁﬁtwfﬁaééo%r%%n@lélM@WUF%QW@MW&@MM@BQ&W@W@J@M@ and
ieties in one mplecule can.be ohtai [ examp erifying o

« v T IR et e IS ey oMk o

poiysutfﬁyaraﬁﬁﬂr@ mﬁeiﬁﬁf@@éﬂ%é wtﬁﬁarwhda%yéeﬂé?fﬁmﬁ%r&&?ﬁma
(liC). THie entpingiestitss dhbatioeraiotpnesbier satRlothsh awylatengroipsi@8% : 2%

0 2% @%ﬁ?f %{8&&&%&?%@ %"%%%ﬁ?@ ﬁ%m/ ﬂaeégwemt@@esvﬁ'gﬁa 3P to
. ied for any combinatio ﬁélc and h hoblcéaroug o b
73%, 3%&%@4%&t firhie® fo/tHedre ér’iﬁ §Sft @e§ E%%%‘fﬁ re o be
applied foeas afthibicatitrinattibycsiopditiingnd thedimogtin pbi?ﬁﬂfy@r@&ﬁmd are not

limited t8MPHPEIRbVERRRSRINESG RARIIRrs with hydrophobic groups or,

respectively, polymers, amorphous polymer layers are built on the medical
product. It is very important that the polymer layers made of polysulfone

An examplaootrestafineuionzineipallyysizedilive asiciysianphglisadmastion in one

molecull®y ek w@@héfﬂgiﬁefue%m@aampietaﬁpd @%ht@:ﬁglywtgonmc@mm@iy the
ervin alri t

oA SRR DLy

hydr@pl’%‘l?y%éﬁfoﬁ’f@@ﬁ/rﬁ@\ Rresanidayimsnel %ESP RorrBepBIRinGififofnumber) of

carboxy@ittaipogpibadestradgsnbstitotiorbpaitdn afty tb@ﬁ%ynﬁétdzé’tmebpmgentage
values gltgeﬁgege %%985‘ ?5?%%'%%&%'%6%5?%/8 t'é%éﬂ%?o‘ﬂ%bxc groups

accord |ng to the following rea tlon scheme: 19 X X' X" ClL4C
and are,.q\@thiq dedhe aforementtone ones.

It is supposed that by means of this combination according to the invention of
hydrophilic groups or, respectively, polymers with hydrophobic groups or,
respectively, polymers, amorphous polymer tayers are built on the medical product. it
is very important that the polymer fayers made of polysulfone are not crystaliine or
principally crystalline, as crystallinity leads to rigid {ayers, which begin breaking and
detach. Flexibie polysulfone coafings serving as a barrier layer can be achieved only
with amorphous or principally amorphous polysulione layers.

Of course it is also possibie to apply monomers which are already substituted
correspondingly for obtaining the desired substitution pattern after the polymerization
being effected. The corresponding polymers then resulf by the known way according
to the following reaclion scheme:
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XX X"X" LOL On wherein 5L and L' represent for example the
following groups independently of each other: -SO2-, -C(CH3)2-, -C(Ph)2-
or -0-. L and L' can thus have the r?r%anlngs of the corresponding groups
in the formulas (1) to (XV). Such nucleophilic substitution reactions are
gwn to the one_skilled in the art, which are illustratgd exemplarily by the
above scheme. 1D As already mentioned, it is especially preferred i fthe
ers poss S ydrophlllc and hydrophobic pr [
erand on the other d
n combination with at least o
polymer. Thus, ITis preferred if foﬂexample X and ave hydrop

Ci

substituents and X" and X™ hdVe!Hydrophobic substituents, or vice versa.

As hydrophllrc substituents canb applied: -OH, -CHO, -COOH, -COO

_CONHC2HS5, 25 - -CON(CH3)2, CON(C2H5)2 -NHC2HS5, N(CH 2n
-N(C2H5)2, -SOCH3, -SOC2H5, -SO2CH3, -S02C2H5, -S03CH3,
-SO3C2HS5, -OCF3, -O-COOCH3, -O-COOC2HS5, -NH-CO-OCH3,
wherein \H.cO-0C2H5, -CH2F -CHF2, -CF3, -CH2CI -CHCI2, -CC13, -CH2Br
-CHBr2, -CBr3, -CH21 -CHI2, -CI3, -CH31 20 -C2H5, -C3H7, -CH(CH3)2,

Land L* %ﬂgsewgr%ﬁé%@%heQHl%@ﬂg?ro@@@%&gﬁe%a'ééﬂgﬁ%épr other
_s0 %}g{%\[g cy(z_lé @?%i/?ou fones Cﬁl’e i)a erred, w posses or example a

27 Sty 5as whlin TormutadRYY: BB0RHERYE dhednearings of the
corresponding groups in the formulas (I) to (XV). Such nucleophrlrc substitution
reactions are known to the one skilled in the art, which are iliustrated exemplarily by

the above scheme.

As already mentioned, it is especially preferred if the polymers possess hydrophilic
and hydrophobic properties, on the one hand within one polymer and on the other
hand by use of at least one hydrophilic polymer in combination with at least one
hydrophobic polymer. Thus; it is preferred if for exampie X and X' have hydrophilic
substituents and X" and X" have hydrophobic substituents, or vice versa.

As hydrophilic substituents can be applied: ~OH, -CHO, -COOH, -COO,
~CONHg,  ~NH;,  ~N(CHz)s, —NHCH;, -SOsH, ~SO5, -NH-CO-NH,,
—NH-CS-NH;, ~NH-C(=NH)}-NH;, —O-CO-NH; and particularly protonated amino
groups.

As hydrophobic substituents can be appiied: —~H, -0CH; ~0CsHs, —SCH;,
~SCoHs, ~NO;, —F, —Cl, -Br, -, ~Ns, —CN, —OCN, —-NCO, -SCN, —NCS,
~COCH3,  —COCyHs;, ~COCN, -~COOCHs;,  ~COOC,Hs, ~CONHC,H;,
—CON(CHs)z,  —CON(CoHs)o,  —=NHCaMs,  —N(CHz), —N(CaHs), —SOCHsS,
—30CaH5, —80,CH;, ~80:CoHs5, —S0aCHs, —S03CoHs, ~OCF;, —O—COQCHs,
—0-CO0CsHs, —NH-CO-QCHj;, —NH-CO-OC,Hs, —CH)F ~CHF,  -CF;
~CHCl —CHCly, —CCig,, -CH.Br —CHBry, ~CBrs, ~CHjl ~CHly, —Cl;, —CHs,
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HO-04-0-OH{O Il Of~UO O 00 HOOCo00 OffaoS"O O formula
(XVI) 10 The carboxyethylene gr g@ is not essential for the above
exemplary reaction. Instead of thé €arboxyethylene and the methyl
substituents, any other substituents or also hydrogen can be present.
_ Polys nes ar erized by their high rasis inst aggres
CaHs, 15 ch%le?mdals te(eﬁt@f gp?%\ble to héytt%%lyss ag%ﬁﬁegifg%ﬁ Bssess @fﬁ S&@OH
-CH( C"@éb(ai’ @ch‘&"i@ )gand tribological (no surface abrasion) properties. As
further particular properties as material for the application in the living
Moreov&rY éﬁ@p@%é"d%r%@%?é‘%‘?e?@?élﬁy WW%d@é@é%l‘?cﬁieéﬂ%wéwacéﬂucture
e sfressed nes are used already for a long time as medical
asitis Wéresfotfﬂa e concentrates on hollow fibres e.g. in blood 21
dializers where the polysulfone fibres of the Fresenius company are
Ieadlng on the global market due tg (H%ir*good hemocompatlblllty and

multlply after a couple of years During a flve hour treatment about 75
liters of blood - this is equivalent to approximately 15-times the blood
amount which the patient pgssess - flow through the dialyzer. Thus, it is

clear Htp‘me%ng@gane has to correspond to very h|g coor
hemocompatibilitrequirements. 10 Another large usg of
ffla

polysulfone capillaries in ophthalmology and in for embranes in
various medical technologic auxiliagy means. It is preferred if at least one
hydrophilic polymer is added tq thesp Ifone used for the biostable
layer. Thereby, the ratio of 0 fmn drophrlrc polymer can be

P “:'“-\O

formuta {(XVI)

The carboxyethylene group is not essential for the above exemplary reaction. instead
of the carboxyethylene and the methyl substituents, any other substituents or aiso

hydrogen can be present.

Polysulfones are characterized by their high resistance against aggressive
chemicals, they are stable fo hydrolysis and heat and possess very good mechanical
and tribological (no surface abrasion) properties. As further particuiar properties as
material for the application in the living organism, the high dimension stability and the
mulliple sterilizability can be stressed. Polysulfonas are used aiready for a long time
as medical poiymers. The main use concentrates on holiow fibres e.g. in biood
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15 50% by weight to 50% by weight up to 99.999% by weight to 0.001 %
by weight in the respective polysulfone layer. As hydrophilic polymers are
suitable polyvinylpyrrolidone, glycgr?n polyethylene glycol, polypropylene
glycol, polyvinyl alcohol polyhydroxyethyl methacrylates, 20

mlde vale Iacto y-E-decalactones, polylactic acid,
cialzorp YRR S S REAHES: fU Bl o CopBTRGRIbPidSadng On the
global ﬂw&ﬁ&m%@&@yg@d&mgomgﬁt@bﬁm@@mbrane»formmg properties.
Thereb;pq%{@ygr@m&ﬂt@m%%% a@kyagggqmmmt%,trf@luexggeﬁyvmsf%%ng the

yd t rate ¢ alerates 1.4- dIOX ne-
hemodlglg?%] 3é %loxél{n% nes neral d)lfcl)(e onES é%nﬁ?dﬁ&@é‘gﬁéﬁrﬁg the
3dVer392§%6ﬁ}ﬁwﬂ>élcV€ﬁﬁ§}d Sptior ﬁig%fol?cy@ﬁé@@ryﬁte%eafs During a five-hour
treatmenpptaprokE ttreegivfasiydacrytateds podivdnaiein agihroiRaBIRI8s1OARS the

blood am}ﬁ%ﬂﬂ;ﬁs&h@ EB%@‘;%%'X&%B SHED AS6 é%hf%@ lalyzer. Thus, it is clear

rolactonediol ollgodloxanon les, po ye
that the ﬁﬁ\%ﬂ%& RAMErSATRAPP XY ERA iy ewwe@émwdraeﬂremems

polypivotolactones, polyglycolic acid trimethyl 30 carbonates,

AnotherPalRARERAE RS- %@%ﬁ}ﬁ‘éﬁy@g%ﬂe‘?@ﬂﬂ@%’@awoB‘HMrﬂdFogy and in form

b
of fat R e ety o RS0 Sy colc acic

trimethyl-carbonates, polytrlmethylcarbonates polyiminocarbonates,

It is preﬂé?#éé@“’f"ﬁﬁ@é&rﬁ?@ 8@%( AL @?l BSH@&%Z&%@yﬁﬁgﬂlaﬁsed for

ers, polyphosphazenes, p

ers,
the bwsﬁa%%j@m@ﬁ%s A0 B BATBAHRARCIE AURTORAnRgbAPRS can be
50% by p@@mweaewmwmylmmmmf@wwemmo ily Gkdtiraneigmtith the
respecti AqibHesigyes in the backbone, polyether esters such as
polyet yleneOX|de polyalkeneoxalates, polyorthoesters as well as
copolymers thereof, lipids, carrageenans fibrinogen, starch, collagen,

As hydRISHRIB RasGFhReY mess W@@'% SérroNGHIRIIC B B’M'n%%gjgﬁﬁyiene
Vool n, modified zelp lyhy ox es pe tic acid, ctlnlc aci

alveol, BElUhTBRURR TR MR G KR arl e, PP AR L priEorviates,
DO*YaCW:!ﬂIBBIﬁﬁm,ﬂ%}m@ﬁm@i@%m@blnﬁaﬂﬁqaéaﬂé@maavwi)dBOtndlaIHJMEpoiyglycohc
acid, po@%ﬂa@s d;@éty@rycblh%O%Qrgﬁlpﬁwéj‘gfééwgﬁe@lgggwgﬁ ggée%n% polyglycolides,

r ne glyco

poly-¢- Cé&)&?{% en- -hydrox S’E?gnc\’nlml €, I|p| s phospﬁo'llplds m%%&’f%’é?wbéﬁ&mtes
ﬂOiyhdeéBb'Hﬁ}ﬁé@ﬁnd/oPmmb{?égyéﬂh@@‘%ﬁ@@néﬁ%ﬁ@subs@@*ﬁdés‘? -dioxane-2,3-
diones), ppbyyiiytpyinlsleng-pabsthyieiepgiceliararalee!inalp-piefarrily usesh as

lvmal&@r example, chgrm%%;égg the viscosit e production gf;the
polym olysulfone solution, 10 ponvmyIpP/rroIl)g%}nﬂ.'(PVP ) is ad e(f y%\)hanﬁacrylates

polycapiglggipnadims B}Eiéﬁ%ﬁﬁﬁ?agentp&ﬁﬁ ~maleic acid, poiycaprolactone

butylacrylates, multiblock polymers such as e.g. from oligocaprolactonedioies and
oligodioxanonedioles, polyether ester muliiblock polymers such as PEG and
polybutylene terephthalate, polypivotolactones, poiyglycolic acid  trimethyl-
carbonates, polycaprolactone-glycolides, poly-g-ethylgiutamate, poly(DTH-
iminocarbonate), poly(DTE-co-DT-carbonate), poly(bisphenol-A-iminocarbonate),
polyorthoesters, polyglycolic acid trimethyl-carbonates, polytrimethylcarbonates,
polyiminocarbonates, poly(N-vinyl}-pyrrolidone, polyvinylalcohols, polyesteramides,
giycolated  polyesters, polyphosphoesters, polyphosphazenes, polyip-
carboxyphenoxy)propane], polyhydroxypentanoic acid, polyanhydrides,
polyethyleneoxide-propyleneoxide, soft polyurethanes, polyurethanes with amino
acid residues in the backbone, polyether esters such as polyethyleneoxide,
polyalkeneoxalates, polyorthoesters as well as copolymers thereof, lipids,
carrageenans, fibrinogen, starch, collagen, protein based polymers, poiyamino acids,
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the manufacture of the hollow fibres and is thus removed again. The
completed porous hollow fibre still contains at an average an amount of 1
- 2% PVP. The addition of polyvi yrrolidone is not only conducive to
the viscosity during the production, i.e. increases viscosity, but also a

syntheti acto!r Wrrrl?ldg%cgcg s?erzrggﬁﬁl tBSlf?g&efé'%ﬁc‘ Z&ﬁ%?%ﬁrpﬁr%éy?ﬂgﬂﬂ%t%@d g&iﬁic acid,

HeRiEH he permeéa roperties of ct, becaus
actinic wgioﬁmf@bmieﬁp@f fﬁ@<§ %ﬂs%"*anartﬁecaéﬁiem@f%oxm&fhtﬂesu*Pha‘fe
albuminpOrgaiizenianecitustiteszermadlithtyl erfubivernduvectpoiiysalfaripheate tiextran,

d I d
comn AR R e e

aolatin, e BN s BLGR, FDsams B spedeatons
and  doptheraetditiormofifpolyvinjiiyrasidoné aritiler astthermieydiophtlic paasiences,
po!yvmﬁ?WRﬂ;W@F?é (SSARCRtate hDskes R Bliscaalyary Hierideslysubsyate for

I’pharmaceutics, which can’be applied for the targeted local 25
application, such as for example in cardiology for the prevention of

For exa?ﬁ F@%F\Qc Reslisipmhelbiced e st %WG@!@Q%%@%&%@% soiution,

RS e et IS L e

the mafuﬁh@trimeférréwdﬁ@fb%%fﬁﬂm@'ghﬁspﬁﬁ#@mqy@ﬂeﬁﬁé’ﬁre a ogippleted

porous Wl Tibreadderdanaina epraplies sulgtaniinlbivitinthef desirezbel®ion. The

additio veOlPC|tg!of|}1h aﬁgelggnaectlgerg&e thhgo'Hgglﬁ%p{S) S\ﬁ§885 % E‘}T:ng the
e iRentio r¥ 8 ssessasurfacew ich can e of any materia

productms *s@rf&‘(%ﬁé‘iﬁéféﬁ%'ﬁbt hehRisonfaaniar itk prdetermipessthe pore
size of preferalylyuoheoatet tespeiaiyivefaitthpobysmersaiidjoporgarties of the end
productm gé%gée%lﬁlﬁzszgngh@ bigsiahig Relysylians dayescande tiﬂlénﬁarticle size.

esively or covalently as well as rtiall adheswel and
Y %a gc@}ﬁguh%ne can be

Thus, ﬂa%v%%ﬁt@ﬁ%s (AL i e RRSER R e B A AT ISBIREN
regulatqublysidfonthtayearcoumts trmdurftive ofticdatiddicalelghict afledbe  admixed

poiyvimﬂ??t‘?é'ﬁ'd@ﬁ%ferably however completely. If the medical product is a stent,
east the 5 surface exposed to the blood is coated with the polysulfone
Preferably at least one layer containing at least one antiproliferative,

The bso%BW{Hﬁmf@%IR&/ 8BHAROS G AN RS S ?@%%F%%@%Y%WE%@@%M&W

of regugﬁg'ti%g%:gé?gg&%f%”%%d gg&%&% 1 B ARISRARRHIRNCARYRS anotner

hydrophitic polymer and/or water (ethyl acetate) makes of this polymer the ideal
substrate for all pharmaceutics, which can be applied for the fargeted local
application, such as for example in cardiology for the prevention of reoccurring
occlusion of blood vessels.

Simultaneously the enclosed nitrogen provides for the shelf life of the active agent.
The preferred amount of the added polymer is in the range from 0-50% by weight,
further preferred are 1-20% by weight, particularly preferred are 2-10% by weight.
The added amount complies substantially with the desired elution velocity of the
applied active agent.

The medical products according to the invention possess a surface which can be
made of any material. This surface is preferably not hemocompatible. Further this
surface is preferably not coated, especially not with polymers and/or organic
macromolecuies.
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10 polysulfone layer. The at least one layer containing at least one
antiproliferative, antiinflammatory, antiphlogistic and/or antithrombotic
active agent can completely consist®f one or more active agents or can
be another biostable polysulfone layer, in which the active agent or the

agents ocated, or can be a hemocompatible layer, in which the
The bigsiRacge einee g’l’%“a@%’h@%r@%&%&dWﬁ%’r@é{SOIS%Y&#SBHbtﬁ§ well as

Daﬁialiﬂ(ﬂd}@eag@{usm iertielhositediardiydior tois ssutfacendeeehiostabtae covalent
bond1n@Wh&M?@Gﬁ&ﬁ@Clé@e@%ﬁéérqw%@&%Pﬂ%%&ﬂc%?%%dﬁ&eétaieast

blosta}ble layer. Thus, the to. the invention can

d t
partially, pis surafagegow it ra%:r% g%gte ‘?lrjf‘%% ﬁaggd? hSteTLydrieast the
suﬁacqﬂmﬁ@%ﬁ‘étm&&%r@e‘m@@ wib mmjmyfme layers are preferred.

The antiproliferative, antiinflammatory, antiphlogistic and/or antithrombotic

Prefordll o D Al R ARaRe e e flprqigrative.

covaently or parti hesively and partially covalen(fi?/, whe

antin SR bR 18 B AR AT EII R SRR Rag aGhoRe deposited
and/or biestghbeapety sutfoinis|afies bivdiabibe poigemfatiblédayeramidioirastings first
polysulfSHRNY; rSTﬁéCQtoféQ%?%}?é’ §EY/SANEARSISINGT fifferant ?R%/ gﬁﬂ%ﬁfﬁratwe
tlmﬂéNlth d% erent (F\rosg #fc pg)ﬁﬁzlers an dlff enf’amounts of 3
antinfigmAgy ST EHRHE R R AR R E%rﬁ%\ﬁ%‘%g&”éhﬁéférﬁomp elely
CORSIStﬁtW@&a@Vem@“Faﬁth‘é& ade prefsrpam |bmemmé‘daraiblpﬁidhta hab/sudioriadeyer, in
which tm@lgbt@@r?@ms)atmﬁr]a@@w\@t@fh@ ?gﬁr@&%{%@ 'éﬁs&ﬁif%eg ﬁ@%@ﬁrompaﬁbie
C n west fir |saeosuon er
layer, ﬁ&cﬁ%ﬁﬁhbl %gk/er cgai% f O{or%rh % sec{z)ﬁad gl %@ %ﬁ%egl{?her@as

hydr Opaﬂ%&@%f\f%cﬁﬂ%ﬂv d?ﬁfhé’ﬁ)\ﬁé@?ﬁf&‘ﬁameaﬁsi@raﬂﬂ/@ﬂdf%ri!!mfﬁreﬁdwcstable
layer, hacdtivphilieatihyengeatsesmngizitstable pohssitane layan/Maigaxes bisstable

layer. preferred if the hemocompatible layer forms the lowest layer and if on this
layer can be found an active agent layer, covered in turn by a biostable
polysulfone layer, or if 24 a biostabie polysulfone layer with an active

Thus, thgenedicah prctiectsyectootiminttitindsndeptisheceontthed awelsices, which are

d fmmogﬁ@ | r.okh p ONRIStSPr
o RS R

eacety ?ed ep%? rboxymethylated, partially N-acetylated
chitosan and/or mixtures of these substances. The hemocompatible layer

The artipraiveratiee, ‘béﬁﬁﬁﬁémﬁé(@weﬁﬁﬂﬁﬁ%él&féaﬁﬁgﬁ)@t%’mhmmbotzc active
agent(s?eégﬂcgg]thpu@ ?6%’3%%%8%&?\%‘9 )%J;I %‘H‘h%%?%é?{ze%e!%%a?eréﬁy or partaa{ly

adhesively and partially covalently, wherein the adhesive bonding is preferred.

In case the surface coating has more biostable polysulfone layers andior
hemocompatible layers and/or active agent layers, each of these layers can consist
of different polysulfones with different hydrophiiic polymers and different amounts of
hydrophilic polymers as well as different hemocompatible compounds or different
active agenis.

Further, it is preferred if the medical product has a surface which comprises a
hemocompatible layer, which is deposited and/or incorporated on or in the lowest first
biostable polysulfone layer. This hemocompatible iayer can also form a second or
third iayer, which lies directly or indirectly on the lowest biostabie layer and/or on or
under an active agent layer or a second bicstable polysulfone iayer. Moreover, it is
preferred if the hemocompatible tayer forms the lowest layer and if on this layer can
be found an active agent layer, covered in turn by a biostabie polysulfone laver, or if
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aforementioned substances. 10 Concerning the medical products
according to the invention, it is preggrrred if a sole hemocompatibie layer is
present. Further preferred is if this sole hemocompatible layer forms the
external or the lowest layer. 15 Further it is preferred that a layer

a biostaBRMPERRMENEISJBR fHPIAGeBILEYHASEL BE SHRIRRNLIGYR! WhRIREton is
., however ? %%gla covering is OESSJble as well. Further it is particularly

deposita i f‘l‘!b‘?ﬂ&%‘f’% ScBdfding to the invention is a stent. This
stent can be formed of any material and material mixtures. Preferred are

This hetﬁ_v%aaﬁﬁai_ §tﬁé]g Wk%@ﬁ%@%%f@xtampl@w ' Qléﬁlimél(?%tﬂ?ﬁ;fed and N-
itanium, chromium, vanadium, tungsten, m enum and nitinal.

reacety R B e e Bty S d S S thytates

partially heaeeivisdale. gk RO StePtidoEahotthaideg otifiipiARRSef The

hemocofigatitanatastakMedinabriebeaivbe akelugerasontidical prbdustiec@bother

e rdi jpvent| ra ided with, at
nemoco Tt Ty o1 bl Dot aag fabeqt e
aforemepdioprad aYRHaRESMpletely with or without a defined proportion of a

hyc!rophilic polymer a_nd Wit_h {it least one antiproliferative,

ConcerrBRYIRfaRBaIeR!: FRRINagiStcAaR 98 ib rembRtis 3 QtaeliNRAL98Y if a soie
h Therebgéégj/ active agenttc ukétgﬁrreserﬁ in the matrix and/or(ﬁover the tibie
emoComMBANPE YN 1B)EP T i EoNekt! T St ohd 14D RGP IPativie

layer fonme fageextpesiasdivn imuaisiagger, etc. Another preferred embodiment

of the stents according to the invention has a coating, 35 which consists

f at least two, polysulf layers. rdj this dual layer desi h
Further B B e G, e WA SR e 6 e

subjacerhisivei WiREHdRYEVEF hBAHAICay RS ihPesRin 85 Wl or both

layers contain at least one antiproliferative, antiinflammatory,

Further A7 ﬁ%ﬁl%g@gﬁﬁgh&%ﬁw 9r3§u@9§@3/5gr?tﬁr¥¥;ef5 ARlYSR960h is 2

combinations are used wh uppart and/or. complement each

i[v
( y.S C )
stent. TRisslSRRERMASINMET ISeXBUTRITIAhRN Baleng Fokt S dusFigyer are
metals alebiglesiieysistheptssiligntidmoegiom st sifiesnstSactitenagantsromium,

vanachufEPRFISIE T MAPEHHNRT, BIANFIRMEHIRLY e Seadlepretelanly dRboated
andior g g QO RV naiela Tt e AR, Me RITRE SR have

a coatirgjutivedkineticyragnic material. Medical wires can be excluded as medical

products.

These stents according to the invention are preferably provided with at least one
biocompatible layer of bicstable polysulfone covering the stent completely or
incompletely with or without a defined proportion of a hydrophilic polymer and with at
feast one antiproliferative, antiinflammatory, antiphiogistic and/or antithrombotic
active agent. Thereby, the active agent can be present in the matrix and/or cover the
matrix as second layer. In this context, the second layer is referred tc as the layer
deposited on the first layer, efc.

Another preferred embodiment of the stents according to the invention has a coating,
which consists of at least two polysulfone {ayers. According to this dual {ayer design,
the first layer consists of a layer which is covered substantially completely by another
biostable layer of the same or different pore size. One or both layers contain af least
one antiproliferative, antiinflammatory, antiphiogistic and/or antithrombotic active
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another hydrophobic active agent, which is located in the more
hydrophobic polymer layer or vice versa. This offers a broad field of
possibilities to establish a distinct 18Feasonable sequence in the
availability of the active agents as well as to control the elution time and
concentration. Another preferred embodiment of the stents according to

agent. thé inedintioni vasgedatnmbitatio torsistsietdt vesshttmesdaersupport and/or

compleMERARgH® this tHRIlayricdamih thefissiudIByarepnsists of a layer,

which is covered substantially completely or incompletely by another
second layer of pure active agent or active agent combinations, which in

Startiﬂgjfmri@ togeded:bipgath id@ﬁ@slatblapoﬂygﬂhﬂ@peéaﬂm‘ﬁ@f sameahdifferetifferent
active BEEMBIZE ARG OQIYRIHOBS AVEISLORIAN-CINR! NOHAGHVE 20ERE Q5N Sliitable

both represent matrices for at least gne anti proliferative, ) ) )

for the ol BB AT V51 ARAIOP & aHRCRD eV ABOR IR R entEs

locateduéedhgdaygivavhidnic ontmatisiiephiiicrantditbaly suptbert ahdion kinetics as

anotheﬁWI@mﬁjﬁfaﬁﬂi\%@%éﬂﬁh@iﬁli_@ﬁ%F{J&H%@qﬂb‘ﬁ%ﬂﬁt&éﬁ%@%ﬂ}@ polymer
uj [ _ r | ive,agents or, ive.age . _

ever GRS B e S O SO S AP A o st

reasongiietEsRUSHITE 1hgeR el R e midhe iy clasirophileicdpniercontrol the

elution sieneesrfdrdatwecemmtadibed elution of the active agent. Active agent
combinations with at least one hydrophilic active agent result in different
: elution kinetics, As top coating can also be used the hydrophilic polymer,
Anothel, AT e R KBELO B & SOk ARBAEI (ihch s bigHAT A8R@lcoating
which Jihesisiccomplalisiet dbatiadayfasstéarproinde tofdhithéripbe dagarydesign, the first
layer cHREQSUNBARDLLY wAChile AR AeRMANASIVBIRNILEITBINAISMictely by

which is.equally distributed over the total surface of the stent, results in
anothe} T Ghe bR U I bRt StaE A R B EERSaH A o o
is covesatbbh anlitdciesiabisdregedions dealsprd sesds praiiforandlipdre size. The
polysulfoasnessthusoriteirBithengie vidtian daawenigivihavish @6&5 Fébﬂége'i;&@rﬂﬁ_?traces

0 0 estenosis:. ever the rowth wi .

for at I o R R, SR S oot
active agpile et ERIAED 26HE S aFe UeRIyEItA DT owiNeB S e ati ssippert and/ior
compleusendigzaly ntteninabsiresftiuat the active agent or the active agent

combination, bound adhesively on the subjacent layer and/or incorporated

) adhesively in the layer, is released continuously and in small dosages, so
This e aHB

JroRai iR SERPLEaEd Rt Y i vepitle retlive magnts or
active agengroowtinimifiocsninbihationrofobettpeffectsttanteysiib ithesstéiite superjacent

bicstabRCSRIMRG QNS IMBNHORSRSRP Y RIHABIMY drophilic polymer serves for the
controlied eiution of the active agent. Active agent combinations with at least one
hydrophilic aclive agent result in different elution kinetics.

As top coating can also be used the hydrophilic polymer, which can be admixed to
the polysulfone, which is subjacent as well,

The biocompatible coating of a stent provides for the necessary hemocompatibiiity
ana the active agent (or active agent combination), which is equally distributed over
the total surface of the stent, results in the fact that the ongrowth of the stent surface

with celis, in particular smooth muscle cells and endothelic celis, proceeds in a

controlled manner. Thus, no rapid ongrowth and overgrowth with celis on the stent
surface occurs, which could lead to restenosis; however the ongrowth with cells on
the stent surface is not completely prevented via a high drug concentration, which
entails the danger of a thrombosis.
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growing into the vessel wall and reduces the risk of a restenosis, as well

as the risk of a thrombosis. The release of the active agent or of the

active agents extends over a peri&@of time from | to 24 months,

preferably over 1 to 12 months after 10 implantation, in particular

preferably 1 to 3 months after implantation. The release of the active

agent can be adapted via the regulation of the pore size with the addition
Thus, tBethespoBiviglpsitir nessHERSiniat nfdroptilie palenéran shenhactivayagent
combin#iithsoneivsttad slharaeteistics ol e ACtiesageniothe eluoratate aathesivaly

, I it ~0logi inati ' f

n e 85 Sl AGARI) 408 e 30y s foses) marS b s o
the sterd SHekare WEhEeifR!B O RAEYSORE e FURMETRE ,%nﬂﬁ]ﬂ?o@%ﬁ@’&?’“on of
both effeelisasoaitithraomtioti cchgentscds dintipriolifératiireactive dgenthility of rapidly

arowindPT6IS RRIN BXOSaLaE o 2P fRaGEde-RNHRIOURS - ARA/QIBISINS & FdI8Y: the risk
Applicabl ant’%é%ferat#v% active agents ﬁre SI{ limus rapar%‘ m%, tend
of & thro R L RO Al SRS AR, AL Ol G XA tonds over
a perioduredintiyiein, fevorhytin Adafiloddyibia, drghecatycinvedidecimyéinmonths after
implantiRRHNHE PaCRISANGENGEL G ar b romysith g elranapwsiatitmimycin,
cerivastatin, simvastatin, lovastatin, fluvastatin, rosuvastatin, atorvastatin,
25 pravastatin, pitavastatin, vinblastine, vincristine, vindesine, vinorelbine,
The relegssoadetenipesiaaeiikasife, esarirtndaithgstipguiation of the pore size
with thecyelgpbosphamigdeiyirdwoyenityciapbospbanigieh pstapmiiistipelymer in such a
way thEH'%%h@q{?fim%ﬂﬁr%&gr@?%o&tﬂ%'%cﬁ@@%ﬁ@éﬁﬂ%ﬂ@%%ﬂ%&e as, well as
podophy thylhy

. lotoxin, betulin, trofosfamide, podophyllic acid 2- etf razide,
its phanfgaesivRicaLRIBRIIGHAGE BErfsESHE! FREFIAZRONSUEAIGR g5t also the
elution peatsrbezioe, frdbstiiaredemed alemigiecishiotepa, daunorubicin,
doxorubicin, aclarubicin, epirubicin, mitoxantrone, idarubicin, bleomycin,
mitomycin, dactinomycin, . methotrexate, fludarabine, . I
As acthiE;a0RRS. SRS arO G IROUAL motBtE e, ainiadislic as well as
antithroditiofinargéiaz dsc, atdjpuolitsieiteebandyviprraviizacetiefacly cylostatics,
macroliie0GRHRBIdRIOPERISR MafRRAMigracidsBHOXIGEcHIOXGAIDrSIIkHAR NG ctive
agents SSaPhOSg pc:%e sen'ggagﬂé]fcirq droé% %ﬁmgg!ne %‘é{%%ﬂ u%Od'%mnatostatin,

. 3l
auro?hlomaa e, oxacC ce é(}OXI ) S|tos'ger n, ademetionine,

tacrolimugrte caIrpeIRitanSLNFIMVEIRNIde2 kAol PBEIBYSIRe, &8¥EIOMYCIN,
midecaftgdiihinesaneychntepuriaeartijoiracisetioyaradime riisasadtaaicin, folimycin,
cerivas‘gaqf}s?f:'taglHﬁ/a%%,'taqg@a&%ﬁaxeﬁﬁ thoplatin, gigRlaln.xaliplalif astatin,

msacrine, irinotecan, topotecan, 27 _hydroxycarbamide, miltefosine, )
pravastgifoBiiaYR SRiEsIcRMEBERRoIN NEIRGinded e PRgasHaRjgiRine. etoposide,
teniposairstrozoteyustesestacmntetstivele, folnmasisine, amimyglotethispidemide,  4-

-hydroxycyclophosphamide, estramustine, melphalan, betulinic acid, camptothecin,

lapachol, B-lapachone, podophyllotoxin, betulin, trofosfamide, podophyliic acid 2-
ethylhydrazide, ifosfamide, chiorambucil, bendamustine, dacarbazine, busulfan,
procarbazine, treosulfan, temozolomide, thiotepa, daunorubicin, doxorubicin,
actarubicin, epirubicin, mitoxantrone, idarubicin, bleomycin, mitomycin, dactinomycin,
methotrexate, fludarabine, fludarabine-5'-dihydrogenphosphate, mofebutazone,
acemetacin, diclofenac, lonazolac, dapsone, o-carbamoyiphenoxyacetic acid,
lidocaine, ketoprofen, mefenamic acid, piroxicam, meloxicam, chloroguine
phosphate, penicillamine, hydroxychloroquine, auranofin, sodium aurothiomalate,
oxaceprol, celecoxib, B-sitosterin, ademetionine, myrtecaine, polidocanol,
nonivamide, levomentho!, benzocaine, aescin, dladribine, mercapiopurine,
thioguanine, cytarabine, fluorouracil, gemcitabine, capecitabine, docetaxel,
carboplatin, cispiatin, oxaliplatin, amsacrine, trinotecan, topotecan,
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adriamycin, azithromycin,; spiramycin, cepharantin, smc proliferation
inhibitor-2w, epothilone A and B, mitoxantrone, azathioprine,
mycophenolatmofetil, c-myc 5 antiséhse, b-myc-antisense selectin
(cytokine antagonist) CETP inhibitor, cadherines, cytokinin inhibitors,

COX-2 inhibitor, NFKB, angiopeptin, ciprofloxacin, camptothecin,
hydroxyagaragiie mBHRIBHERan REOMRSia ihick nAMRUkis mifsieciel asparaginase,

pegaspanydeeatiana SiFGBiantagemistianmblatazplestagtandiasdokerasityrngthimide,
adrnam?&ﬂvaﬁﬁﬁﬁm nss%fntg:% {@WcéﬁﬂE@r%rqeréYﬁgvﬁ éﬁ‘f’&ﬁﬁ‘ém inhibitor-2w,

calcipptriol @n tacab%:ltol 10 th mosm a-1, fumaric aci

epothilofziyativel f?ﬁ@@{‘yi’fﬂ & IoRfiNRhisRYFBBIERRIARNRIEf,  c-myc-
antisengenor§-snEh-adissmeerytheettioradidtkined syrdgoeisiineCETP  inhibitor,
cadherﬁé@tr@Wﬁtﬁthﬂﬁaii?%?ﬁ@)}(—?ﬁ?ﬁﬁ&%ﬁ*n?\!dﬁ(@g[%@pépﬁ%”@ﬂi%ﬂoxamn
r strigl.sthinylestradiol, fosfestrol, medroxypro
camp ta?ﬁ{s l iol Lér%%%% eS GatraL enzoartés {Fahnil%e % rﬁﬁ.ﬂ%ﬁ{ ﬁ}% gﬁ‘dSCie cell
proiifergiRéy @F&%@d&%ﬁmﬁtis @'@éﬁgihearmsmwm plbasecid, veragarivptives,
vitamintyrosinleckiBasswinhitienin (rphestites)scyclospatnedsipagitaxehanthitsicitol,
t y=paci n tere, A
thymosﬂ‘?&‘:’“’&‘ ﬂve%(ﬁﬁgu%{:efg( SpRCiax !arl ARCALNS % %b{%@%‘%ég IL-18

macrocyc oligomers O caroon su

syntheticall
mh’b’m&nd?@%ﬁ\/ iveS'ss Wi thoSETbtafied RERTIRATRM '%uré@@amt"ﬁte and
syndnorioigramostimifrba@-88iH)e peghatertaitema- Z*atdanmgmsmm B-estradiol, o-

estradidl; 'é%@o@@@s@ﬂ%f"%’ﬁé‘) jgg%‘?@g%b%%%?ﬁ%gﬁﬁce Ocﬁgjggmestraa;ol
icine

evpion . SR S Eer R e S o P oepares wi

are amiﬁﬁﬁlatmgfﬁ@rrﬁbﬁéa@blM%)G@a@ﬁfam?ﬁﬂﬂﬁeﬁubtlrtymmpﬁ)rkmaagorii}inﬁ;)itors

(tyrphos@eRsliRgc@ sy MECYClasr mbvelalak tias\i IkiIes Qé@%ﬁroxy-pachtaxei

|
TR e
carbon isHipdFe (Mgs%|ﬁB&eﬁSaéﬁWé\t@VYﬁﬁlbﬁ%r@eiérﬁﬁséh@,é%ﬁﬁﬁﬁm%ﬁﬁét native

sources/ E@fgranititing (dledMEISE) Fregitternapobantibielisasurhaumoc-CSF),
ﬂ;grast:&?fa&ré’&b&&fa%&:%eﬁﬂ@f S5 Q?ﬂﬁ%bmbcﬁa%i&‘ilﬂha‘%’:e”té‘ﬂ%?ﬁ}\%fe D-2485+
sitive impact on the postoperatlve ase have as
(Calbloag‘%él’hﬁ?%?{ﬂ ?ﬁ&%&@éﬂﬁm SmilliAc §Gf?6’H}§‘i"n|H@§0§§4ﬂ@’ro%la§90pmtem
P1-88, amigmomibetistsutiiiag argeimotven, (aspifit] abbbdiakirsyibetiectin receptor
antagoBtihrepbinsimealing Q%r@?PWIQs@”%ﬁH@fﬁopemgﬁﬁ’é‘nmhsbltor of metal

N reac tissue plasmino vator

despiphated an tylated. pa
protem% il /II?l élatget ﬁ?@mgr‘éﬁ% el W%@?ﬂ&m&cﬁ" p%tfél virus
trans”’*'tbeféntlb@é‘lés, ﬁéﬁbmﬁ?mﬁtudfﬁ?@fﬁﬁﬂw PRATKgtamaséyator  inhibitor-1,

plasmiﬂ@f@tﬁ%ﬁﬂﬁ@@oﬂfﬁﬁ&l@ﬁﬂ%%ﬁﬂ@éﬁt@é@ dﬁ%ﬂu@f@@ﬁ@é@%ﬂ@@"&s FhBEEcalled
1. SRS PR CapllopTemRtee R ot
cefotaxigg, dapfepryciagapramycin are applied. Positive |mpact on the postoperative
phase have as well peniciliins such as dicloxaciliin, oxacillin, sulfonamides,
metronidazo!, antithrombotics such as argatroban, aspirin, abciximah, synthetic
antithrombin, bivalirudin, coumadin, enoxaparin, hemoparin® (desulphated and N-
reacetylated heparin), tissue plasminogen activator, Gplib/llla platelet membrane
receptor, factor X, inhibitor, activated protein C, antibodies, heparin, hirudin, r-hirudin,
PPACK, protamine, prourokinase, streptokinase, warfarin, urokinase, vasodilators
such as dipyramidole, triazolopyrimidine (trapidil®), nitroprussides, PDGF antagonisis
such as triazolopyrimidine and seramin, ACE inhibitors such as captopril, cilazapril,
iisinopril, enalapril, fosartan, thioprotease inhibitors, caspase inhibitors, apopiosis
inhibitors, apoptosis regulators such as p85 NF-kB and Bcl-xL antisense
oligonuclectides and prostacyclin, vapiprost, o, B and v interferon, histamine
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lisinopril, enalapril, losartan, thioprotease inhibitors, caspase inhibitors,
apoptosis inhibitors, apoptosis regulators such as p65 NF-kB and Bcl-xL
antisense oligonucleotides and prétacyclin, vapiprost, a, (3 and y
interferon, histamine 28 antagonists, serotonin blockers, halofuginone,
nifedipine, tocopherol, tranilast, molsidomine, tea polyphenols,

antagonisiz.at ARt SpigEfocRRiChIAGRNGe, BELABIRE adRFORREMleirtranilast,
molsidodeneatve sydefhimomide spiakaevaine el e m psyfisciézondn eadptsi@Gansweliic
acids AHRIOXAGHHN JELrAGYGHRe, [HAMRIRRIRES, BRERIAVEIN, RERRHNAMId SGHNIE, Sine
5 acid, uml.glne, d#sog\glﬁr}amlde, flecalnlgée,gprgp fenone, sotalol, i .
etoposidey ASIEHES T Iet SO B IS wE LRSS R dE i Benea nemid. rtinoi
acid, gueidimethdisons|asidendinaatngs, norsrigaoila s sosericestiemInes) Further
active FyaafenoRieiRR, (PyareaiiksiameaidasinetRaBENd BRaMEMEZRABS non-
stemada'?‘”%d'ﬁE%%cAs”“‘(K@gﬁ%‘f SHER a5 acycloy ”ro‘%%{-lc.'cz't?""r 30d ZidXding acin,
are also a pelyable. ifferent antimycotics are used in this fietd. 15_1 T
“aproxeéxﬁhﬁléég&l’@éﬁiﬁrﬁé‘f’o%hﬁﬂ%yfo%wg%miﬁ\/ﬁﬂ%ﬁcéﬁﬁfi@l\éﬁ ganciciovir
and zidoceoiazolee nyis@tiapteyainiafindiffsntptomznalagtiots stehaed in this field.

Exampl&gloé(?g“i&%tlriﬂ%l?zgl‘éi,neﬁL?é{HH@%éﬂregzgg@f@gﬁ'ﬂtsi@ﬁ%%ﬁi&je?ﬁ?&onazoie,

" furthermare natural terpenoids such hippocaesculin, ) o
nystatiny, debnARE PRI ABl PO o Ay DR ceHTR I S gRoieqine. auinine
are actagroststatshinf 12duyalrosffmigostistdohincovetadicimdsral ferpenoids such as

hippoca®dcOMCYAPRRRamENS asit.-4h haatbarinoiis Bd BB duReimosidrskerin,
, lgru ean (iZA and C, bruceantinoside C, . ?@anﬁ ides N and P, o
agrost L SN A AR B ZolaPafiY Tl T pacid
bacchaiifsstie 5did Biptatic BeidimosatsinbiseaamsgetmBnanin&ytbrifof@intinoside C,
yadanziotiRantin &n@reisabited:griBhianailario BesemporgainiCand B, coronarin
A, B, Ci%?%‘é@j‘%%ﬁ?%%%@@éﬁéﬁ%@c% A zeorﬂml f%iridogermanai, maytenfoliol,

. 'dro-6-a-senecioyioxychaparrin, _ .
effusantifimbeh % aatih-6-0A8d1 By depghavritifoxraHrInEBRe Cschgenakaunin,
leukamdaiamaifin Azamtl B, BegenilGl1@haioligeduteganeioytoatiohapaaymaring 11-
dimethdiSiHecIGasH %Mé‘f&-ﬁxdm&}f%&m%ﬂwiﬁ%@%}?&”& ARARNE B airin

erberine, cheli_burl{n chloride, cictoxin, Sinococufine, bombrestatin A an i
A and B, craegaRE K R Oy AR e SRR oRUB oo acic,
anopteriR-(Wwyrrsxgpregatdienansg 1eoliene 3 20aiame 2k bilGleohaginkg o[ cheliburin
chloridegiﬁkﬁgk%%iﬁoa%@}@@' %@ﬁ*ﬁiﬂ?@ﬂé‘ﬁpﬁ%ﬁd%@dﬁulﬁﬂdﬁ%@i@}ﬂﬁ? A, curcumin,
o, AR LI AR AR B BRI e
bilobol, Ainkahgigolien Agidhshrienabridicidicnegdidisipatcratigatitasiocarpine,
inotodiolirigiaiigrioxpalshiogepnaiotriaiolaciemidit, Mispathenoligifgatin, malloterin,
maliotoBFARIARRTICe, & oloHRINE. SRl 2K, 30 EPXBRORPe s nantn 4,
psychorubin, ricin’A, sanguinarine, manwu wheat acid,
maytansine, lycoridicin, margetine, pancratistatin, liriodenine, oxoushinsunine,
aristolactam-All, bisparthenoiidine, periplocoside A, ghalakinoside, ursclic acid,
deoxypsorospermin, psychorubin, ricin A, sanguinarine, manwu wheat acid,
methylsorbifolin, sphatheilachromen, stizophyllin, mansonine, strebloside, akagerine,
dihydrousambarénsine, hydroxyusambarine, strychnopentamine, strychnophylling,
usambarine, usambarensine, berberine, liriodenine, oxoushinsunine, daphnoretin,
lariciresinol,  methoxylariciresinol,  syringaresinol,  umbeliiferon,  afromoson,
acetylvismione B, desacetylvismione A, vismione A and B, further natural terpenoids
such as hippocaesculin, 14-dehydroagrostistachin, c-type natriuretic peptide (CNP)
agroskerin, agrostistachin, 17-hydroxyagrostisiachin, ovatodiolids, 4,7-
oxycycloanisomelic acid, vyadanziosides N and P, isodeoxyelephantopin,
tomenphantopin A and B, coronarin A, B, C and D, ursoiic acid, hyptatic acid A,
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methylsorbifolin, sphatheliachromen, stizophyllin, mansonine, strebloside,

akagerine, dihydrousambarensine, hydroxyusambarine,

strychnopentamine, strychnophyllig€, usambarine, usambarensine,

berberine, liriodenine, oxoushinsunine, daphnoretin, lariciresinol,

. methoxylariciresinol, syringaresinoi, umbelliferon, afromoson, 35

zeorin, gostideaaiGiRNs! desadetiRiomisiiesrniisnfiofisaitrBAf@tRe Bndtagikaurin
B, sculgengaiolds such as hippocaesculin, 14-dehydroagrostistachin, c-type

natriuretic peptide (CNP) agroskerin, agrostistachin,

17-hydroxyagrostistachin, ovatodiolids, 4,7- gxycycloanisomelic acid,
The achaASRURIAR H36%, SSBAERLIGBSRIBBINCYoiRe Hithat BRI X amdiferent
concenicationarin #eBialyanddie uesbligracidc iyptatpeatid AhR: Zeorn, besides their
antiproligRfideoarmanalaayietHakebLifhraain A, BrSHRIREA @Gﬁo%? such active

ts Ionr&%ﬁau%hp, scg{Rone%tg]. The actl\gle arraﬁnts are .uged separa %or d it

agents ORingl 1AL SaMe DI SRYERt 3 T0RdEN L SHOTNSei AR PrarE&Rd 1
derivativgs apfviosgRYEWARRIVBARS bieradenramidingsdirepidi@)effzet &fido a- and
R-estradiBMuNSHRIERS YerpIPIliesxiAB OMCBICAREVE RIRHBRRUNDI-88, sodium
salt of 2L Hﬁég%i@iH%%%%r&?&ﬁh‘@‘%&osgﬁ%%r%%%%‘xgh%”‘f 'tﬁmus.

derivatives and josamycin as well as triazolopyrimidines (trapldsll(ls ,

D-24851, o- and f3-estradiol, macrocyclic carbon suboxide (MCS) and its
FurthertervativeseRE88, isodiuncatbaiatb 2-metthydtharallid leidsdiicicativekyliacting
substar@el! Yd SETAAINEHSRAIFY OUTHR _'ét?’éﬁ?émfﬁw PiRIRIIRS4iBoressive active

combination of several antiproliferatively acting substances or of anti
‘proliferative active agents with immunosuppressive active agents. 15
Especially preferred, the active agents are selected from the group
Especiafi@Mitdsinedachiaxgtand ity darvativessdidqstagioh simyagtalin, B58@rising
paciitax%?ﬂuépélﬁéi% i%%lg?dg ﬁﬁgﬁ?ggé’sr%%ﬁ%‘?qd)ﬁ mg{:n[}c\)f%(%g%rgarbfgngg boz(slg?p%ated
oligosaqghpieind2rgr 1 -idal.cHRASEEHYAI-inefsPey i) sHvexidanid8/@8) and their
derivativBs 248aa)idhd kagalitdires-Fhg dative agenbis peeisiabhdeentginet @iamide

(D-2 485qt}a5rn@q?(g;ﬁl%§%tive concentration from 0.001 - 20 mg per cm2 of stent
surface, further preferred 0.005 - 15 and especially preferred 0.01 - 10

mg per cm2 of stent surface. Other active agents can 25 be contained in a
The achimizgauncenratemiinvtos@redrim atherdayerseinlel ciivefarsedastration

from 0.6fembagimentwhishTentai g Aifferent apie AGRISIN BIBFEAMe 5 ong
‘ er qrin di e6e1nt I%yers. Further pre;er{ed IS arrg embgop,ment, which

especia gggcﬁ%gg% 01— 710 mg per cm of stent surface. Other active agents can

be contained in a similar concentration in the same or in other iayers. As well

preferred is an embodiment, which contains two different active agents in the same

layer or in different layers. Further preferred is an embodiment, which possesses a

pure active agent layer as supreme layer.

agents

The amountis of polymear deposited per medical product and especially per stent per
layer are preferably in the range between 0.01 mg/ cm® to 3 mg/ cm? of surface,
further preferred 0.20 mg to 1 mg and especially preferred 0.2 mg to 0.5 mg/ cm? of
surface.

Moreover, embodiments are preferred which contain an active agent in two layers.
This can be two different active agents as well. If the same active agent is contained
in two layers, it is preferred, that the two layers have a different active agent
concentration. Further it is preferred, when the lower layer has a smaller active agent
concentration than the upper layer.
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pure active agent layer as supreme layer. 30 The amounts of polymer
deposited per medical product and especially per stent per layer are
preferably in the range between 0.4 mg/ cm2 to 3 mg/ cm2 of surface,
further preferred 0.20 mg to 1 mg and especially preferred 0.2 mg to 0.5
mg/ cm2 of surface. 35 Moreover, embodiments are preferred which
contain an active agent in two layers. This can be two different active

The stergenisasavel. tbthasame aktivecageidseaniainedirinitg layearstiibis for the
. r i ' . cancentration.
biocorm B o e b e

concentration than the upper layer. 30 The stents according to the
a. Hnvedtmon xatebe manufactured by a method for the biocompatible coating
b. o@‘pﬂ@ﬂﬁg"}éﬁ%@%&%‘%f@&&%‘i@#@?ﬁ!ﬂﬁ@% AR IDGSoRFeAE 18R6: one

b. depositing at least one biostable polysulfone layer with or without at
Wé%‘a%ﬁs%c 3 &ng%ﬁ@ lymer, and c. depositing and/or incorporating at

c. depgsibng andfsrolinecamesatingi sl apaahwrg, cavppaibgistivarnanginflammatory,
ANBRISRRRIE Rebrepgacpe RN dishiatadeabingnbled 4 |axethertfiostable
idegro%i;[jng at least one biostable polysulfone layer with or without the at
?é/ast one hgdrophilic polymer together with at least one anti proliferative,

b". dengipiiag AblepptRitphRRiardysHitrRRtYH R iae at least
ofier tiyerstepil, prefierably disgatte steprith caatfollemet C' cdeposititigraliferative,
flon ool e At nlogiss
aaﬁrﬁl?'gtﬁ%om one%o#@%%@%ﬁt%ﬁ? ios?a%’e ponrLBe%?ggg?.g %Qﬁd‘ter the
steps a, b and c or the steps a, b' or the steps a, b’ and c', still another
After thsteiepdbdaprédtionhd adep tisttistppfaatieasobme:second biostable
polysulfone layer. 25 This second biostable polysulfone layer can consist

. _pn the one hand of a polysulfope other than the first subjacent |gyer and

c' CERPTIRL A Ot SRR LA LY B AN SR gp SuC andor
anittmerhgdiopislicepatent o mecieerbibRiaisipobivab idiestable
polysulfone layer contains at least one active agent. In particular preferred
are embodiments with a biostable Bplysulfone Iag/er wijth or vyitho*:

After thﬁﬁﬁ?@&hﬂicb %lﬂ&ﬁﬁé‘?%§f§ﬂ§ﬁ],a @;e;he steps a2, b’ and ¢, stil

d can follow:

t
another step

d. depositing of at ieast one second biostable potysulione layer.

This second biostable polysulfone layer can consist on the one hand of a polysulfone
other than the first subjacent layer and can contain on the other hand a different
amouni of the same or of another hydrophiiic polymer. Prefarred is if this second
biostable polysulfone layer contains at least one active agent. In particular preferred
are embodiments with a biostable polysulfone layer with or without hydrophilic
polymer as external layer.

The antiproliferative, antiinflammatory, antiphiogistic and/or antithrombotic active
agent is preferably seiected from the group listed above.

Further, embodiments are preferred which have a hemocompatible layer. This
hemocompatible layer consists of the above-mentioned hemocompatible substances,
especially of completely desulphated and N-reacetytated heparin, desulphated and
N-reacetylated heparin, N-carboxymethyiated, partially N-acetylated chitosan and/or
of mixtures of these substances and is indirectly or directly deposited on the lowar
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The antiproliferative, antiinflammatory, antiphlogistic and/or antithrombotic

active agent is preferably selected from the group listed above. 35

Further, embodiments are preferred Which have a hemocompatible layer.

This hemocompatible layer consists of the above-mentioned

hemocompatible substances, especially of completely desulphated and
biostahig lay&sty é{@d’ﬁ%ﬁméré%‘ﬁﬂéﬁé%'aﬁﬂf RerdeeaigihRaimepariwo other layers
as welNasafboxythetlsyiatechepéatiatly Ehmmataﬁs:mawaﬂdé@ﬁocbmp@ﬂitﬁ@ layers

are atsef;seggwbﬁr‘»@?&ﬁwéééwmﬂyn@ Rireeihadenasl gﬂébm IAWRLAL The

r can be locate etween two

nemochiR Bk e LR yoar L %%ﬂﬁaé%%m@iay@ﬁ Bl RISy b partially

adhesiveimeodnmpdibly tyesrisrile taldbepesbisiecniteyein however only one
hemocompatible layer is preferred. The hemocompatible layer can be

adhesively as well as ovaI arti adheswe and
The res% cl;a'IYy caxyafen%re d the %Eu Jag Tﬁa%e(r?yg %%QBHJégla?fe SHFENg method.
FU%Q%%E%ut@tﬁp‘F&é@ﬁé@’ VRYBIE dFpiREEoRahy Rl rieprRiler ptHerineresuhiacent
layer untiiiiticuahfayers are preferably not deposited onto the subjacent layer
until it is dry. 10 Preferred is a method, which consists of the two steps a)
d b"). The coating Erlnmple offers a broad range of variation in respect

Pre‘ceﬁﬁfjtf‘?‘e@réﬁ% HreheNICR SIS AIHE B W S18BREARDEISd the properties

of the applled polysulfone, so 15 that different variants of coating result,

The coWEh @@@ﬂ%ﬁ"?‘ﬂh@@@h QQP%&:JJP%pr%ﬁ@lj;'t%mﬁ%ﬂ%%gnents
ertl s of the |a the amount apd the moleculay we
concer YRS Y GO EbGr Lo S PUBS Bl SorEPHPdeagust one. so
that diftpeeappheanistpicagng r@wﬁawhélh o aduspaibiigeoibiredosiiosacisather.
20 a dovetailed system. Further layers of polysulfone without addition of

e oo BRI SR SIS ET SN SRS o e

mgfecuﬁﬁfuH@Wa@nﬂ?%ﬁé@@%ﬁh@@@ﬁ%‘e p@ﬁs@mwét@p R FHRCEPERSENtS in

respecotitreasppliateddiepaiiystiesyibhaddiantidi-seaseyiitebhepatbmonents to
3 dove&ﬁf&?%@?ﬁylated and/or partially N-acetylated chitosan and/or of
mixtures of these substances can be deposited, whose athrombogeneous
properties can provide the masking of the subjacent foreign surface in.

Furtherchneof lesiprshthersupdtjacdnadiitsinbié RYEr antipersiturapes! asritifferent
PVP c&%ﬂmﬂﬁmmﬂtﬁwmﬁe@o@@@ﬁ%l%é%%emethwfﬂ%ae%enr%ner a
layer, which aﬁg ;%?ela eraguc 89&?& tggv% g!tllp )9 -Ii_rhelgtwetg er C?fgce of completely N-
deacetylated and reacetyiated heparin, desulphated and N-reacetyiated heparin, N-
carboxymethylated and/or partially N-acetylated chitosan and/or of mixtures of these
substances can be deposited, whose athrombogeneous properties can provide the
masking of the subjacent foreign surface in case of lesion of the superjacent
bicstable layer or layers surface, as it occurs for example preliminarily to or also
during the implantation by mechanical destruction of the coating. This inert layar can
be applied, if necessary, optionally covalently or adhesively between two lavers as

weli and/or as top layer.

Variant A:
a.) Providing an uncoated stent,
b.} depositing one biostable polysulfone layer with or without hydrophilic
poiymer,
c.) depositing an active agent or active agent combination in and/or on the
polysulfone layer via dipping or spraying method,
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be applied, if necessary, optionally covalently or adhesively between two
layers as well and/or as top layer. Variant A: 35 a.) Providing an uncoated
stent, b.) depositing one biostable %%Iysulfone layer with or without
hydrophilic polymer, c.) depositing an active agent or active agent

combhination in and/or on the paolysulfone layer via dipping or spraying. .
©) metHBa DY s BERITISy BB Bletd KA EorHEE odting BFtheIostable
biostdysdlfuisiafenctaaintoatiifingtve acwve agénaivishasitsaeadher biostable
angios ifesiabie/dpalystiionsniayry eonesHpBdiRgde dredifsllayerem this first
ciflean L WS rst-Jayet i micapiant ot iydiophilic,pahumet and thus.
in thi pore size e'.-} ep Sitifg the anxe or another dctive agent or active
e.) agERPesHBmhERIINAN BReRBieEG RIPYRasetidadenttrambination in
diffmmra@ti\teeagﬁmmlhdﬁostabthlma}@e,néocﬂmbdi&&@@ﬁtmibé agents and/or
deperiecpLeciriadacieind 1BanaehsrRarys il SACROIRCL Rirgeted
means of both I%)é%r&as well as in case of different pore size of the

pof1ARRY RBAIAITOAGHE Hith A&iRie D6 et &h belfdfveFasidietsas in
a different aliffornvelely skahebdhe rridgloearotiiesativéoageny iwith active

posgible- apasticiarzthe g%rméqeagsgiw#éaeﬁseré@@%@ﬂ@;m% ) the same
mean "dlffus%gn" of t1;he actlv%a.a ent |nt!o the respective layer. 1
Pr&%@gﬁ ARTE |ngV8r883&s:§/v%H%W8 Biostable polysulfone layers,

which can contain different hydrophilic polymers in different
In partieoaeetieations. Fopasianesitionnibplravided BRIYMErlayaRs Cafdgion" of the
active a?%%z%%g g‘eef%%gggf@gma epje 20 active agent into these layers, when

ame active agent or active agent combination shall be contained in
both layers. Additionally, another layer of a suitable polysulfone or even of

Preferréheweﬁwmrﬂiodmlymanpanme dieptsiied psidiffikins bapn}e:s,anmwip can
contain ERIASHAR YIS RIOUNGIRB UG oRIRELSIERl A deposiing one

biostable polysulfone layer with or without hydrophilic

The depaosition of all provided polymer layers can be executed before diffusion of the
active agent into these layers, when the same active agent or active agent
combination shall be contained in both lavers.

Additionally, another layer of a suitable polysulfone or even of the pure hydrophilic
polymer can be deposited as diffusion barrier and top coating.

Variant B

a.) Providing an uncoated stent,

b.})  depositing one biostable polysulfone layer with or without hydrophilic
polymer,

c.) substantially complete and/or incompiete coating of the biostabie
polysulfone layer with at least one antiproliferative, antiphiogistic and/or
antithrombotic active agent and/or active agent combination via spraying
method,

d.} substantially complete and/or incomplete coating of the active agent layer
with at least another biostable polysulfone layer, which corresponds to the
first fayer or differs from this first layer in its content of hydrophilic polymer
and thus, in pore size, with or without active agent and/or active agent
combination,
and/or
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- polymer, 30 c.) substantially complete and/or incomplete coating of the
biostable polysulfone layer with at least one antiproliferative,
antiphiogistic and/or antithromboti@&ctive agent and/or active agent
combination via spraying method, d.) substantially complete and/or
. . incomplete coating of the active agent layer 35 with at least another
9"} bioSHEIEARERM FRRAlE)erafffien BGiRsaplstascRAlieg Mistieyarbralisesst layer
fromithissfifsydageniiictoogment ethyopopbitiomelyntar cndihiestirBMe agent
sizanwith g@%@g\é@g@%ﬁgﬁgﬁgﬂd/or active agent combination, and/or
33 d'.) substantially complete and/or incomplete coating of the active
agent layer with a hydrophilic polymer as top coating with or without active
By meaiyentf hegracirsadgert costilration 288y teansalfrtheseteatiants fiidsactive
agents mﬁﬁ@&t@lﬁdﬁ%mﬂé}ﬂﬁt‘éﬁgéﬁ@@%&W@%‘Hﬁv@%@%ﬁach:t‘?éSPerEﬁ]ﬁrements

at the Cmg)%lggg Iesaésenc_j1 é;lnrpount of e}ctlve agent to the requweme‘nts at the
corresponding sggment. In multi layer systems, the layer which has been

newly deposited substantially covers 10 the subjacent layer completely.
In multi"RyBstaniiaiys meéné?)a)‘l ichq9%%, - 100%, fur .
t;em;; argf%rt%?% -Sloozo rtmg&ig%?g?@b?%??%w mggrpll(cj]% gtséﬂeg:a%ém'any covers
oo & b B8 BT 6806 it Rtk ERpR CYrefbrabi e Breferably 70 ~
100%, dgtbeopjeieornedfventiofareaghil pnefaratiiyabproddds dhisticaspecially
preferrdibupanasiied; thaesqrsineiatharaierementienpi patadsansbk,

particularly stents. The stents according to the invention solve both the
roblem of acute thrombosis as well as the problem of neointima

., problem of a :
Object g figdngatimesesannrlbiasamedioabrsadestwhitnesadre miaguizctured

accorditigetintrentidorarhethito esisingladadyened asmuliidayeasisysiem, are 20
particularly suitable for the continuous release of one or more
antiproliferative, ntii,nflammatoryg antiphlogistic, antithrombotic and/or

The stepS RFEEIIISNE RGET90 SR BURRE (s RORIAR Bl eniBramigsis as
well as Hieonuibleon sl neleinting thepecthilesiagtetia attarpetedawationavesieisedr, the

stents RGNS Wﬁﬁeﬂﬁ@mﬂfgmst%i%eiri%‘?é}ﬁgpe@rﬂﬂﬁtﬁ‘?gg@%%%m, are
atticul :[ievgﬂtitgb @dafgge{hof rggﬁggss. 25 The prevention or reduction of ~ o

P ¢ regteno&s akespage SPNERHQYE %a&; of one or more antiproliferative,
antiinflammatory, aniiphlogistic, antithrombotic and/or immunosuppressive aclive
agents due to their coating. Due to this ability of continuously releasing the active.
agent in a targeted way in a required amount, the coated stents according to the

invention aimost completely prevent the danger of restenosis.

The prevention or reduction of restenosis takes place on the one hand by
suppression of the cellular reactions during the first days and weeks after
implantation by means of the selected active agents and active agent combinations
and on the other hand by provision of a biocompatible surface, so that with the
decrease of the influence of the active agent no reactions start on the present foreign
surface, which would as well fead to a reoccurring occlusion of the blood vessel in
the long term.
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suppression of the cellular reactions during the first days and weeks after

implantation by means of the selected active agents and active agent

combinations and on the other hafd by provision of a biocompatible

surface, so that with the 30 decrease of the influence of the active agent

no reactions start on the present foreign surface, which would as well

lead to a reoccurrin§esurifpti ortiefiibeal figseem the long term. 34

Description of the figures Figure 1: Elution diagram of macrocyclic carbon

suboxide (MCS) in a triple layer system with polysulfone as base coating,
Figure 1the adiivdiagefibgsamediumea & tenyaiiancbapolysutfordedBiDG wWhichtripie layer

coverg @}Pnl%?ﬂb{ % ragHsHE %@"ffa@@eég WD 3 RIPY é’ﬂtoés medium

0.04% of po vm oI|d ne. Figure 2: n d|a am of acllta from

o ol SN Er R VR S SRS SAUBOP GO FASTRIGHEGn R Gredium

Flgur@@lﬁlﬁl@ﬁf‘d|h334%{nwﬁﬁ§3nm7@§@ﬁmﬁ(ﬂﬁ%Ql%’/p@fysalmfwmmmdidone.

without proportion of hydrophilic polymer. Figure 4: Elution diagram of

f3-estradiol with a proportion of 15% by weight of the 15 pure polysulfone
Figure ZnatrixBlithouciiagpanion obhljtsphiicpolymelystiione B &uriov disgreamount

of trapjel( dxasn nggq}yguggmg;mgﬁg with an amount of 4.5% of
polyvinylpyrrolidone. 20 Figure 6: Elution diagram of trapidil(r) with an

amount of 50% of the pure polysulfone matrix. Figure 7:

Figure aDhotomtﬁrearaﬂamﬁﬁh%wwa'@gme%ﬁft%ﬁév?@ﬁ%gfmel%@% without

in theé)/ég 'f %A sgow nIa ed section of a matrix stent Figure

B shos B %'h 8P e ve egment with the stent which is

coated with polysulfone and Ioaded With MCS in higher concentration. 35
Figure 4: xamg‘ %o%xg' m& e C it\ﬁlthg %%trrt]i%rnsgl Qi%%/osby weight of the

pure polysulfone matrix without proportion of hydrophiiic polymer.

Figure 5. Elution diagram of trapidil® from a polysulfone matrix with an amount of
4.5% of polyvinyipyrrolidone.

Figure 6: Elution diagram of trapidit® with an amount of 50% of the pure
polysulfone mairix.

Figure 7: Photomicrography of the vessel segments after 4 weeks of implantation
in the pig.
Figure A shows an enlarged section of a matrix stent
Figure B shows a cross-section of the vessel segment with the stent

which is coated with polysulfone and lcaded with MCS in higher
concentration.
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Spray solution: a. PS solution: 176 mg of PS (polyethersulfone, Udel(r),
available from Solvay) are weighed in and filled up to 20 g with
chloroform. 10 -30.88%PS spray b&fore after mass Stent solution coating
coating coating 1 2.0 ml 0.01754 g 0.01826 g 0.72 mg 2 2.0 ml 0.01814
g 0.01889 g 0.75mg 3 2.0 ml 0.01751 g 0.01832 g 0.81 mg 4 2.0 ml
0.01742g 0.01816 g 0.74 mg Ex&6nmi@81734g 0.01814 g 0.80 mg 6 2.0
ml 0.01736 g 0.01815 g 0.80 mg Example 2 Coating of stents with
polyethersulfone (basis coating) and polyethersulfone with 15 0.04% of
ExampRVP or respectively 0.08% of PVP as top coating Spray solutions: a.
.__Palysulfone solution: 17.6 mg of PS are weighed in and filled up to 2 g
CO&‘““%%%%?%%&Y&?}T?O (?th?f@.'ég)%?m PS b. Polysulfone / PVP solution: 25.2
mg of PS and 1.2 mg of PVP are weighed in and filled up to 3 g with
Spray Sgﬂlﬁ,@{prm. 4 0.84 % of PS, 0.04 % of PVP 25 V Poly.sulfone./ PVP
solfution; 24 mg of PS and 2.4 mg of PVP are weighed in and filled up to 3
a. FRmmulPibroform. -4 0.80 % of PS, 0.08 % of PVP 36 Spray coating: The

stentgyvohiEr Hpoly btrersudighedUinial® sprajiatsiatéd witothe \dpsey weighed in

a?Q:lLfﬁ%'BiSdB tH’QdejWﬁF?g[’%%foW a.) 0.5 mland b.) 0.85 mi. Thereby,

3f%?r %%?f}:%)raylng 5 process, a time period of at least 6 hours passes
ntil ‘thext layer is deposited. After drying at room temperature

overnight in the clean room, it is weighed again.

spray before after mass
Stent solution coating coating coating
1 2.0ml 0.01754 g 0.01826 g 0.72 mg
2 2.0ml 0.01814 g 0.01889 g 0.75 mg
3 2.0ml 0.01751¢g 0.01832¢g 0.81 mg
4 2.0ml 0.01742 g 0.01816 g 0.74 mg
5 2.0 mi 0.01734 ¢ 0.01814 g 0.80 mg
6 2.0 mi 0.01736 g 0.01815¢g 0.80 mg
Example 2

Coating of stents with polyethersulfone (basis coating) and polyethersulfone with
0.04% of PVP or respectively 0.08% of PVP as top coating

Spray solutions:

a. Polysulfone solution:

17.6 mg of PS are weighed in and filled up to 2 g with chloroform.
2> 0.88 % of PS
b. Polysulfone / PVP solution:

25.2 mg of PS and 1.2 mg of PVP are weighed in and filled up to 3 g with

chioroform.
= 0.84 % of PS, 0.04 % of PVP
b’. Polysulfone / PVP solution:

24 mg of PS and 2.4 mg of PVP are weighed in and filied up fo 3 g with
chioroform.
= 0.80 % of PS, 0.08 % of PVP
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Stent before coating after coating mass coating 1 b 0.02058 g 0.02132 g
0.75mg 1b'0.01968 g 0.02022 g 0.54 mg 2b' 0.01968 g 0.02034 g 0.66
mg 10 Example 3 Manufacture of&fents with MCS and polyethersulfone
in the 3-layer-system according to variant B Spray solutions: 15 a)
Polyethersulfone solution: (16f layer: base coating, basis coating): 70.4
mg of PS are weighed in and filled up to 8 g with chloroform. 30.88% of
Spray cB&ibiMCS solution (2nd layer: middle coating): 39.6 mg of MCS are

The steW@%@%H%@@g %@Qﬁiﬁé@%éﬁfﬁ&@&&ﬁ&@@ﬁé%ﬁ%gﬁe%%g;)aé/osoiutlons in
the IndiEgHeR AREH S 1l B By g Tl S he GTER FEL preying
procesdilladioe weted ol tlafciﬂeﬁﬁfﬁrﬁﬂ% oSS WP 3he 04X leypve deposited.
After drpBERYtGEBRNSNIERRRB ARG SIRJRIasStRicelstens e WRighadnd again.

spray -coated after their cleanlng The stents are sprayed with the

u UIII MOt r|.| e ctive—30-s ray solution with a) 0.5 mi;
o‘%‘f % 8@% ﬁ?ﬁ gdlcated ordger Thereby, after each layer

a tme perlod of at least 6 hours passes cmatm@ next layer is sprayed.

Afte room-te |c © mi’ii"I"" its-wetghed again. The
1bavera e \?Eﬁé 8f th agtgj/%@ge%t canteﬁt%n '"R stents is 153 9 pg. 37
1p Stent beﬁogssafg:r mase.grGa2cgating cdafingrepating MCS 1 0.01829 g

001804 6 0.65 mg 144 pg—2 0-01753-§.0.01826-6-6.73 mg 159 pg 3
2b 0n785% %%%36 g 6 P34S0 pg 4DFLFD g 0.01790 g 0.71 mg 154
Pg

Sterkl)t Ore

Exampie 3
Manufacture of stents with MCS and polyethersulfone in the 3-layer-system
according to variant B

Sprav soiutions:

a) Polysthersulfone solution: (1% layer: base coating, basis coating):
70.4 mg of PS are weighed in and filled up to & g with chloroform.
> 0.88 % of PS

by MCS solution (2™ layer: middle coating):
38.6 mg of MCS are weighed in and filled up fo 18 g with 20% ethanol in
waler.
2> 0.22 % of MCS

c) Polyethersulfone / PVP solution (3™ layer: top coating):
100.8 mg of PS and 4.8 mg of polyvinylpyrrolidone are weighed in and filled up
to 12 g with chioroform.
- 0.84 % of PS5, 0.04 % of PVP

Spray coating:

Non-expanded stainless sieel stents are weighed and spray-coated after their
cieaning. The stents are sprayed with the corresponding amount of the respective
spray solution with &) 0.5 ml; b.) 1.5 ml and c¢.) 0.85 m! in the indicated order.
Thereby, after each layer a time period of al least 6 hours passes until the next layer
is sprayed. After drying at room temperature overnight it is weighed again. The
average vaiue of the active agent content on the stents is 153 £ 9 pg.




50.01833 g 0.01903 g 0.70 mg 152 pg 6 0.01774 g 0.01836 g 0.62 mg
135 pg 7 0.01729 g 0.01802 g 0.73 mg 159 pg Example 4 Determination
of the elution kinetics of MCS fromBfolyethersulfone with 4.5 % of PVP 5

Into each one of snap-on cap glasses one stent is given, mlxed Wlth 2 mi
of DDQ buffer—closed with nar

@Fﬁﬂb closBERg7C.
supernatariistiepipe

lh_e_r_gw‘c in-mixed wi
atB7q. THi8 Yﬁ%?a&ionyaﬁ%é%%everal finfes M Ex

After tﬂgetrhosen

ted @@@ﬂtﬁg uv absor@ggﬂr@

207
h-2.ml of PBS a

time pefivel has passedidfe
nm isppregsured;

d.incubated aga

[

in

amplé@(}&tlng

STents| pojysy If@@esd*n

solutions:- 15a. P

imvastatin_soluti

X VIR dpad

ed | ST
n: 2%3%@% P$

in
and 8.8 rr(ﬁgg of

sifvastafirCdre’weligh

ed i @hecHIed up to 8 @‘WHE chI(

yroforhdS- 10066 %

0T4—’b, U.&45%079

SYnVasif1 78 PgPS

mg.of PS, 8.8 mg of simvastatin and 1

1 SI%V?%I%I‘

6. mg of P are

PYP sqlggrch

44 O
weighed ﬁ and

filled up t8-4'@watig ch oro@cﬁfﬁéﬂﬁ @62

% of PR ;@2 %

of Sinpzastatin,

U.g4 9

OpRMR AL

coating coating si

A A

vastatin

g

02171 0 T OB 210

pg2 2.0 &05)7@.@@125

) g 0.02262 ¢ 1.2

4, mg.zﬁon@ 38

Exaftigie &

o 4 foete & ) 1 LE g [ D | ]
COatnmg Ul SIETnsS Wit Uy SUmoTrmeE TITatrmA wimc S 1oat

| T Lo ot at
U WILT STTTvastiatl

with high proportion of PVP 5 Spray solution: a. PS / simvastatin / PVP
Exampigofution: 23.2 mg of PS, 8.8 mg of simvastatin and 3.2 mg of PVP are

DetermWSRIIFEI a8 ution kinetics of MCS from polyethersulfone with 4.5 % of PVP

of

n

5 Into each one of snap-on cap glasses, one sient is given, mixed with 2 ml of PBS
buffer, closed with parafilm and incubated for defined times in the drying closet at
37°C. After the chosen time period has passed, the supernatant is depipetted and its
UV absorption at 207 nm is measured. The respective stent is again mixed with 2 ml
of PBS and incubated again at 37°C. This operation is repeated several times.

16

Exampie 5

Coating of stents polysulfone matrix which is loaded with simvastatin

Spray solutions:

15 a. PS8/ simvastatin solution:
26.4 mg of PS and 8.8 mg of simvastatin are weighed in and filled up to 4 g

with chloroform.

- 0.66 % of PS, 0.22 % of simvastatin

20

b. PSS/ simvastatin / PVP sclution:

24.8 mg of PS, 8.8 mg of simvastatin und 1.6 mg of PVP are weighed in and
filled up to 4 g with chloroform.
- 0.62 % of PS, 0.22 % of Simvastatin, 0.04 % of PVP

Stent spray beiore after Mass mass
solution coating coating coating simvastatin

1 2.0 mi a) 0.02164 g 0.02171g 1.08 mg 270 ug

2 2.0 mib) 0.02129.9 0.02253 g 1.24 mg 310 pg
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connd SN

f lit | b. PS/PVP
DoRBEHAcR Mo adehdr g

filled up to 4 g with chloroform. 10 -> 0.58 % of PS, 0.22 % of simvastatin,
0.08 % of PVP Stent spray before after mass mass solution coating
coating coating simvastatin 1 2.0 @$a) 0.02164 g 0.02171 g 1.08 mg 270
pg 2 2.0 ml a) 0.02129 g 0.02253 g 1.24 mg 310 pg Example 7 15
Coating of stents with polysulfone matrix which is loaded with paclitaxel
Spray solutions: a. PS / paclitaxel solution: 13.2 mg of PS and 4.4 mg of
ExampRaglitaxel are weighed in and filled up to 2 g with 20 chloroform. 3 0.66 %

| solution: 11.
SeRd S

%ﬁ%%%fgth high

proportien2og With chloroform. 25 4 0.58 % of PS, 0.08 % of PVP, 0.22 % of
paclitaxel Stent spray before after Mass mass solution coating coating

coating. paclitaxel 1 1.0 mla) 0.01725 g 0.017709g 0.45mg 113 pg 2 1.0
Spray S.?ﬁ%k)ggmns g 0.01790 g 0.55 mg 138 pg 39 Example 8 Coating of

a. Rensinvgsteting-8dtfagritiepolysulfone matrix Spray solutions: 5 a. PS /
252y of-BSralbhsglufiemdG R atio eifiStahdritbof MY Bfdre-prekitadioh and
ﬁ%@‘u%@%%%ﬂ%ﬁltﬁ%ﬁbﬁ’ﬁ? 7 g with chloroform. 4 0.66 % of PS, 0.22

% of 175 3-estradiol Ic()J PS/20% 17- 3-estragiol S%Iution: 10 28.2 mg of
PP Ao D12 bR HIGHGEPr el B up to 4 o with
chloroform. 4 0.704 % of PS, 0.176 % of 17-f3-estradiol ¢c. PS/ 15 %
Stent | 17-mestradiol solutieftire after mass mass
solution coating coating coating simvastatin
2.0mla) 0.02164 ¢ 0.02171 g 1.08 mg 270 g
Z2 2.0 mla) 0.02129 ¢ 0.02253 g 1.24 mg 310 pg
Exampie 7

Coating of stents with polysulfone matrix which is loaded with paclitaxel

Spray solutions:

a. PS/ paclitaxel solution:
13.2 mg of PS and 4.4 mg of paciitaxe! are weighed in and filied up to 2 g with
chioroform.
-> (.66 % of PS, 0.22 % of paclitaxel

b. PS/PVP /! paclitaxe! solution:
11.6 mg of PS, 1.6 mg of PVP and 4.4 mg of paclitaxel are weighed in and
filled up to 2 g with chloroform.
-> 0.58 % of PS, 0.08 % of PVP, 0.22 % of paclitaxel

Stent spray before after Mass mass
solution coafing coaiing coating paclitaxel

1.0 ml a) 0.01725 g 0.0177C g 0.45 mg 113 yg

2 1.0 mi b) 0.01735¢g 0.01790 g 0.55 mg 138 ug
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29.9 mg of PS and 5.3 mg of 17-J3-estradiol are weighed in and filled up
to 4 g 15 with chloroform. 3 0.748 % of PS, 0.132 % of 17-f3-estradiol
Stent spray before after mass mas8¥solution | coating coating coating
17-(3-estradiol 1 2.2 ml a) 0.02052 g 0.02166 g 1.14 mg 285 pg 2 2.2 ml
a) 0.020659 0.02189 g 1.24 mg 310pg 3 2.2 ml b) 0.02080 g 0.02206 g

Example® mg 254 pg 4 2.2 ml ¢) 0.02064 g 0:02213 g 1.49 mg 224 pg
Coatindzofsipies O Cogtiagiohgients withufelysufang:matrix which contains

triazolopyrimidine (trapidil(r)) Spray solution: PS / trapidil(r) solution: 25

s 19.8 mg of PS and 6.6 mg of trapidil(r) are weighed in and filled up to 3 g
—&J—iﬁimﬁ%%o“a I9%oroform. 4 0.66 % PS, 0.22 % trapidil(r) Stent spray before after

a.

M58 nfast? dbksivadiohsiniyoating coating trapidil(r) 1 1.7 ml 0.01742 g
LA PILMY 253 Al EXABRABN W GXAURKRINAL HRlSS 10 7

Wittgnpo#xethéersulfone as matrix with and without macrocyclic su
IS e &8k %gﬂ/ arteries of 13 domestic pigs of different sex with a weight
BrOG5IH Rl Rerd iddplarnéd Bterastoadied with polyethersulfone. Three
RBOUPS 9f septesiratRolistigiahed. One group contained a high dosage

it tained a low dosage of paclitaxel the last
e e S Pt oL PR T et o
‘W@e%‘?fﬁéoéf@nts were removed and 10 analyzed for inflammation
e 8cTivh & jpéRSirat)l A6 fosmblignattregimtima. Histomorphometric

myalygtign afierdweeks of implantation time Coating number thickness of
tenosis [%] grade of of stepts intima [mm] injury Matrix / high
2%. mg o[f PJSg a\néa §.3 mg ofp 17-B-estr[adio]1 alj'e Xvaighed in agnd filledupto 4 g

with chioroform.
= 0.748 % of PS, 0.132 % of 17-p-estradiol

Stent spray before after mass mass
solution coating coating coating 17-B-estradiol
1 2.2mla) 0.02052 g 0.02166 g 1.14 mg 285ug
2 2.2mla) 0.02066 ¢ 0.0218% ¢ 1.24 mg 310 pg
3 2.2 ml b) 0.02080 g 0.02206 g 1.27 mg 254 ug
4 2.2mlc) 0.02064 ¢ 0:02213 g 1.48 mg 224 ug
Example 9
Coating of stents with a polysulfone matrix which contains triazolopyrimidine
(trapidil®)

Spray solution:

PS / trapidil® solution:

19.8 mg of PS and 6.6 mg of trapidil® are weighed in and filled up fo 3 g with
chioroform.

% 0.66 % PS, 0.22 % trapidil®

Stent spray | before | afier mass | mass
soiution coating ' coating coating | trapidi® ]
| | |
1 1.7ml | 0.01742¢g | 0.01855g 1.13mg | 283 pg ‘
[ i :
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concentration of 6 0.140.06 199 0.320.19 | active agent Matrix i low
concentration of 6 0.230.07 3210 0.460.29 active agent Matrix without
active 4 0.170.06 238 0.150.12 a‘@@nt All analyzed stents independently
of the coating showed only minimal inflammations around the stent struts
and on the adventitia. The higher average thickness of intima 15 of the
M@Qts with the low load of active agent could be ascribed to the stronger
in vive evarekpaiisiondf stentesedhd (rihyetite istifaniatisen. Tedrpureithagixdstemhout
macrocySlioWaHsaeticeable problems in the vessel reactions which are to be
ascribed to the polymer, which argues in favor of its hemocompatibility
and suitability as active agent substrate. 20 Exam pie 11 In viva
Into the sraptinatichtessitd widPmsstithaissfohs dematisarithith@ wigient of 20-

25 kg woesiitastl2e B sanalogy odheprevinligakamnplitohe. sTentevdnshad! stents

, ; d Wi t ich
wore sofEENEBE D BEUEIERR YEAEFBRIEG AR i hocons
containedigdRwrPReAR R VARIEREH A0S NRBRE BrAMpINRALIHS (RHECHANHY stent
withoui actount dbiekhesddifigtendsis [ yradeeksof Hientstémimarenen]iejooved and
analyzedv@ggﬁﬁm%ﬂﬂ? AL B0 4826440238 #Or-Mal & AddR - 88

0.100.07 The results of this study as well show the profit of the

nalveirlfana coating....fm=xam narat anoluvcrilfone
CTToTTO T JNTATTT T

nla 12 6 Dra ratinn nfth
N PUI]\J TOQurT . LAY " J1 L/IJM ATTUTT OUT 1T 4 JUTT

HistoeiareiB Tt Foft¥ikii9R) 2Rk HYIG StiTore AT WALprEFiFed according
Coatitggthe instruction of Rufwem et @lickndReEPMOISHshddigesppl. ghem.of

1997, A34, 1701. - - :

of stents infima fmm)] injury
Matrix / high
concentration of 6 0.14:£0.06 1948 0.32+0.19
active agent
Matrix / iow
conhcentration of & 0.23+0.07 32410 0.46%0.29
active agent
Matrix without aclive ,
4 0.17x0.06 2318 0.15x0.12

agent 1

All analyzed stents independently of the coating showed only minimal inflammations
around the stent struts and on the adventitia. The higher average thickness of intima
of the stents with the iow load of active agent could be ascribed to the stronger
overexpansion of the vessel during the implantation. The pure matrix stent shows no
noticeable problems in the vessel reactions which are to be ascribed fo the polymer,
which argues in favor of its hemocompatibility and suitability as active agent
substrate.

Exampie 11
in vivo examinations of stents with polyethersulfone as matrix with and without

paciitaxel

By analogy to the previous example 10, stents which had been coated with
polyethersulfone were compared to stents which had been coated with
polyethersulfone and loaded with paclitaxetl:
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3 mole equivalents of benzyl alcohol are dissolved in toluene and
deprotonated with sodium. 1 mole equivalent of the polysulfone (IIA) is
added and subsequently, the 10 réAction mixture is heated to boiling
temperature. The reaction product is obtained in a yield of 22%. Example

HistbA o rBRBIAEATLAVHRBRbFIHANS frearding

polysulfone (IIC) was prepared according to the instruction of M. D. Guiver
Coadingt., Brit. PolyraMowyop, HEckuessydf the sistansésl [folysulfopradec)f
was esterified by,psingarthq i te,, whereas toluene Wasiﬁ,BWed
v tas Zolvteint and Lhe volatile reaction products were removedifrom the
alfeacasHveguilibrium yia distillation. 40% of the car%ox late groups 20
ageWiere converted into6ethyl est@r%%gp'lsQAccordina B’ ample f?ﬁﬁ@'zo
polymer was depaosited together with paclitaxel onto a _stent. The stent
Matgbiows good hemocdmpatibility B amaorphous8idlysulfone @daxiiyp7
whichrwas suitabte for the controtted reteaseof the-pactitaxet—25Exampte
14 1 g of the polysulfone prepared according to example 12 is admixed
The resulith @0bis gtofi s padjissiifondtec poodingftihéo poiysufidr @) eoamtidgposited
according to example 7 together with the active agent paclitaxel on a
stent. 30 The coated stent has a good hemocompatibility and an
wphous polysulfone coating, which was suitable for the controlled
PrepardfoftSetRt BeIpadineh 42 - IR frdidragduction of chiorosulfone

grouf%s on ﬁ:)olysulfone. 2.4 g of polysulfone is dissolved in 700 ml of
The polypidfens tllanresorsgrarsd Tcor dinigsty tamtinstraddion of Ehidraautiosiial. J.

Macromasig arerslpyihpaddearopyase, Agthe 7eaction is highly exothermic, the
reaction vess?l is cooleit(iﬂn the iceé)_ath. After addition of the _
3 mole ERGRRGHTY RIGNSEENR0ATR AERBLED o FBkFNE AR dRR©tanalsd with
sodium stiringleA&gui3aimihute S reppbigitaris [{iek)pitatelt ot etinansliaedquently, the
reactiorSHIRRALGBHAAse doMibifiRI AR RAWARE. AN CABRIRIBI FSMRYIRI B ined in
il %@%{%}a orosulfonic acid, it is extracted again for 10 minutes in deionized
avye *Example 16

Example 13

Preparation of the polysulfone according to formula (IIC). _

The polysulfone (IIC) was prepared according to the instruction of M. D. Guiver et al.,
Bril. Polym. L. 1890, 23, 29.

1 g of the obtained polysulfone (HC) was esterified by using ortho ethyl acetate,
whereas toluene was applied as solvent and the volatile reaction products were
removed from the reaction equilibrium via distiliation. 40% of the carboxyiate groups
were converted into ethyl ester groups.

According to example 7, this polymer was deposited together with paciitaxel onto a
stent.

The stent shows good hemocompatibility and an amorphous polysulfone coating,
which was suitable for the controlied release of the paclitaxel.

Exampie 14
1 g of the polysulfone prepared according to example 12 is admixed with 200 mg of

the polysulfone according to formuta (IIC) and deposited according to example 7
fogether with the aclive agent paclitaxel on a stent.

The coated stent has a good hemocompatibility and an amorphous polysulfone
coating, which was suitable for the controlied release of the paclitaxel.
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S-alkoxy-de-chlorination. 10 g of ethanol are dissolved in 100 ml of water
and admixed with 2-3 drops of 15 methyl red in acetone. This solution is
given on 5 g of fine grained chloro8@ifonated polysulfone. The solution is
admixed drop wise with 5N KOH until the change of color from yellow to
red occurs. Subsequently, the vessel is closed and well shaken. Caustic
potash solution is added and it is shaken until the change of color does
Examgm—ﬂgnger occur. The 20 formed polysulfone ester is sucked off, washed

' ' rification. Example 17 S-alkoxy-d e-ch
introdu%%ﬂngﬁéﬁ%@gfggﬁﬁ%ag%ﬁoﬁlﬁ%&gﬁﬁ%d with 60 ml of gridine. This_ .
2.4 g o hlHiEoRGASH TSTRINRSE Boditiy faf4@fg<—‘6\v"ﬁﬁ€<}5mvéﬁ?e§ oled to -20 °C.
Subseqdeiciigs dfofated pblysidfoselfSulsseqitnilys isisvdtireddatarexsligsioris the

reactiorPiANRISHITE QUsMIGhi At fREMCERIReI Al cPURSEsMRAl Y, the: SHSPERBIONAfter
ater an%la%dlfle qFarefuIIy with (épncentrated
in

.. IS %Of%ﬁd into |cel%/v q with 4 ¢
3dd‘t'0rh)9 BEhIGHE RS TPHIS s TS ot WitR ‘BHUEBUS hrﬁg)rglgé%mpera ure
under slrbopaté B0 seitioninuies filiiatide wessstisifisteplijstemnéicafimnol and
subseqi@?ﬂ‘?ﬁ?“iﬁ@é‘d Ex%mpled@@mﬁ@g Wﬁﬂ@.miﬂbﬁ’e @bﬁﬁ}i%tﬁf?na’@fﬂ@ving the

sulfone accordin Q I 4 . .
cnorosYHIRSE RELSIIMI O AR FramhasTag:
g with chloroform. 4 0.80 % PS, 0.08 % PVP A stent is coated according

Exampl@ ¢gample 7 with this mixture by the spraying method. 43 Claims 1

S-alk €emo ?méﬁa ible medical product, characterized in that its surface is at
~a DXPé"Q&"?féﬂr §H&8hted with at least one biostable layer composed of

10 g obetjsuitdrerardissalysisaiat 188sndnef avabesligsratigemibsediniimRatogdjops of
methyl PEHIRRIgsisEEANTRE aolilfisenbefiecroent & PIESEnt igrainder endlosationated
he at least one biostable layer composed of polysulfone. 2.

pmysuzftﬁg?nocompatible medical product according to claim 1, characterized in

The solgianid adaperpstremevisassibedtoRHnegidbp ebaiirmieoior from yeliow
to red Gelyeihablonaesifstituted gy dthekssiionenpolghengleifobeustic potash
so-lutior‘?l’é?éa 84 RPlYRheRYIaUTRR ROYSHRRS BlockisPRAERESIREURERIEd The

po )(su one i ) _
formed polysulfone ester is sucked off, washed with water and recrystallized for

purification.

Exampie 17

S-alkoxy-de-chiorination.

10 g of dry ethanol are admixed with 60 ml of pyridine. This solution is added under
ice cooling o 40 g of fine pulverized chiorosulfonated polysulfone. Subsequently, it is
stirred under exclusion of moisture overnight at room temperature. Subsequently, the
suspension is poured into ice water and acidified carefully with concentrated
hydrochioric acid. The washing is caried out with agueous hydrogen carbonate
solution. After filiration, the esterified polysulfone can be recrystallized.

Exampie 18
Coating with a mixture of polysulfone and polysulfone according to formula {lIC).

24 mg of PS and 2.4 mg of polysulfone according to formula (lIC) are weighed in and
filled up to 3 g with chioroform.

- (.80 % PGS, 0.08 % PVP

A stent is coated according to example 7 with this mixture by the spraying meathod.
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block copolymers, semifluorated polysulfone block copolymers,
substituted polysulfone block copolymers and/or mixtures of the
aforementioned 15 polymers. 3. H&tdocompatible medical product
according to claim 1 or 2, characterized in that the at least one biostable
layer composed of polysulfone contains at least one hydrophilic polymer.
20 4. Hemocompatible medical pfd@ifSaccording to claim 3,
characterized in that the polysulfone and the hydrophilic polymer are

W@&Mﬁﬂ%éﬁﬂ%hé@%@&ﬁf&%ﬂ%éB%&BSfiW?ﬁgg;ie%%ﬁéeﬁa% dqgot/ﬁt least

per weight : %%pw per weight. 25 5. Hemocompatib cal produc

RRARIR & 95 A ASBRE L ISR Rl R EHHRTHIE tivaeliage and
Jeldbriddtoleasic greupritrpiisiatvepontingibgronidtarg, giptiprobgistic and/or
RAviEtRyiRpetRYEeb ol Bragyient oliabr BAPYAIERBY: least one biostable

olyhdroxyethyl methacrylate, polyacrylamide, 30 polyvalerolactone,
E%K/éifs-c errglg%sc (ﬁ%%%%g%%élé acid, polyglycolic acid, polylactides,

polyglycolides, copolymers from the polylactides and polyglycolides,
Redyro-caproiatienematibdlyisroxybubtibagiog RelyieToxybhirEiRrized in that

h aie, o tyrate-co-yale .
i &%‘5&’?&%&%ﬁ%%%%%ﬁ%%%‘?ﬁﬁ?%a‘#ﬁééé‘fﬁﬁgz'g%-lyppoa}fg@gfsu?fm
FioRaHBred, polyaRNRIIESHONSs polynRRdERRY SHHPBRdes, fibrybstituted
peipzendsniates, polylyapifdactoble cimetpyizendete, patfid-mattipalyistifone
RABGRRAIRHPRE-E UL AGHYIaISt AU IDIRSHBAN MBS Wpolymers, substituted
oligocaprolactpnediols an(iYoll odioxanonediols, polyeth resyer mu’Itleocsk
SRR BMOIRES aRRRSONELYIHIALR e FRAHESS, oty Rt REisRetioned
pmolyogeycolic acid trimethyl carbonate, polycaprolactone glycolides,
poly(y-ethyl glutamate), poly(DTH-iminocarbonate),

-Co-DT- Iv(bisphenol A-iminocar ) o
e A R S O tgterized in
SRS dnatab IS ANACUARsBhlEaY SoRARRgY ShpalhulAge Contains at least

oigviydalpolia $gptyesteramides, glycolated polyesters,
polyphosphoesters, polyphosphazenes, poly[p-carboxyphenoxy)propane],

lyhydroxy pentanoic acid, polyanhydrides, polyethylene oxide propylene
R—?e%gcomgagfible medical pepod)()ct a){:cordingptoyciaﬁ/n 3, charac@er@%d in that

the polysulfone and the hydrophilic polymer are present in a mix ratio of
50% per weight : 50% per weight up to 99.999% per weight : 0.001% per
weight.

Hemocompatible medical product according to claim 3 or 4, characterized in
that the hydrophilic polymer is selected from the group comprising:
polyvinylpyrrolidone, glycerol, polyethylene glycol, polypropylene glycol,
polyvinylaicohol, polyhdroxyethyl methacrylate, polyacrylamide,
polyvalerolactone, poly-e-decalactone, polylactonic acid, polyglycolic acid,
polylactides, polyglycolides, copolymers from the polylactides and

polyglycolides, poly-g-caprolactone, polyhydroxybutyric acid,
polyhydroxybutyrate, polyhydroxyvalerate, polyhydroxybutyrate-co-valerate,
poly(1,4-dioxane-2,3-dione), poly(1,4-dioxane-2,3-dione), poly-para-

dioxanones, polyanhydrides such as polymaleic acid anhydrides, fibrin,
polycyanoacrylate, polycaprolactone dimethylacrylate, poly-B-maleic acid,
polycaporlactone butyl acrylate, multiblock polymers from
oligocaprolactonediols and oligodioxanonediols, polyetherester multiblock
polymers from PEG and poly(butyleneterephtalates), polypivotolactone,
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oxide, soft polyurethanes, polyurethanes having amino acid residues in
the backbone, polyetheresters, polyethylene oxide, polyalkene oxalate,
10 polyorthoesters as well as copol§thers thereof, lipids, carrageenans,
fibrinogen, starch, collagen, protein based polymers, polyamino acids,
synthetlc )olyaming acids, zein, modified zein, polyhydroxg/yalkanoates

etyRlys a&%ﬁ&a&&%sarﬁ&&% RelSAREMRAIARR PG idR ROy (-ethy!
cgirﬂm;atﬁthyl syifaitg Dalblammimcdrgahooaie)acid, cipitdgdhl &ndaderivatviesnate),

Herael H@HGI‘%@'Hﬁo%élf%@aé’c%%”%%@h@é@%&‘%ﬂﬁeﬁxﬁ fORAMNSIBethy]
Wltfb eneﬁ%ﬁécol mara&wﬁé ine, WIN- E
a@ﬁtﬁs R b Ao e ARG R POty (N-vinyl)-
doulicmre, angly vinix@ieshofthe pfdyesientionieassubsirockiedo qolyesters,
@mgﬁ@wﬁi@%med%!w@é@%&@f@m t@@lﬂ@&r@@%@ﬁé?@mopane

%y(dr h| iC mer js se ectn%dfro the grou pmprisi |
&cﬁ}v.% fpone %!olye%yleﬂo {ﬁ] ) R/prop% tehe gﬁ/col ox@ or PTOPYIene
® mimé NREHEEE ﬂ@%t %&@w.ﬁgﬂta%@ﬁ@héeéfc{ﬁ@s in the
m@aa@hm@ 25@@@&@@@@@%2@@1@%@@&@ capting, of thel\galfase of oxalate,
tBS mesaLR Esfd“‘éfs c 'Ptsa g;é%eetﬁé;'&?fe '@éfﬁn@ 8carrageenans,
r%ocompatl medlca pro uct cor Ing to any one of the preceolﬁa

élQl’mggéf?ara%ﬁ%fﬁPed FRUREER: 10¥QiBRe BYePLoRpySRe Bf ca%ﬁ’éw acids,
39 iestitapedyantrid-ezidetytaied mepbiiey desu)/faedhycddNyatasbaited pectic
heRariRehicasRRKYmEdT et A AT REHIGEY Wb@ﬁ?%@t%%é‘élﬁo%%%oxymethyl

e R R SRS D e s R, Chorerot
|ﬁ@lfﬁimg ti@xragast ofeCyEiaespiirs polgntkr. 88MmIHBARTBcOMpAtibREG and
rp@gﬁ;@ﬁ reghect agpprding tfgaﬁv ongrablbe prgeeding g@me collagen-N-
%ﬁ%{ %(;rlzeéi in.that th %tsgeﬁ\@&ﬁgg a%?&%(t’% t|ve - infl mrﬂ?tpsry’and/ or

IC and/or’a i€ Hgent s seecped rom the 0]o
éﬁﬁﬁ%#r@ﬁw@f m%m@m@%’%ﬁ%lﬁ“@%ﬁﬁﬁus, somatostatin, tacrollmus,
45 roxithromycin, daunamycin, ascomycin, bafilomycin, erythromycin,

%%%Qt&ﬂé@%&l@a%?&&ﬂé@é’&ﬂr& I OYEN 5 U RICARARAYEN in that

folimycin, cerivastatin, simvastatin, ovastat &vastatln rosuvastatin,
em?rvagﬁéﬂfﬁpﬁ‘l‘!i%aspﬁmnﬁfavé§tatﬁ? SHiBhstiTeMindHgin@rOhRiesHAPrising:
polyvinylpyrrolidone, polyethylene glycol, polypropylene glycol and/or glycol.

Hemocompatible medical product according to any one of the preceding
claims, characterized in that the coating of the surface of the medical product
consists of one, two, three or more layers.

Hemocompatible medical product according to any one of the preceding
claims, characterized in that at least one layer composed of completely
desulfated and N-reacetylated heparin, desulfated and N-reacetylated heparin,
N-carboxymethylated and/or partially N-acetylated chitosan and/or of mixtures
of said substances is present under and/or on the at least one biostable layer
composed of polysulfone including or not including the at least one hydrophilic
polymer,

Hemocompatible medical product according to any one of the preceding
claims, characterized in that the at least one antiproliferative, anti-
inflammatory, antiphlogistic and/or antithrombotic agent is selected from the
group comprising: sirolimus (rapamycin), everolimus, somatostatin, tacrolimus,



10

15

20

25

30

35

5 vinorelbine, etoposide, teniposide, nimustine, carmustine, lomustine,
cyclophosphamide, C-type natriuretic peptide (CNP),
4-hydroxycyclophosphamide, estrafifistine, melphalan, ifosfamide,
trofosfamide, chlorambucil, bendamustine, dacarbazine, busulfan,
procarbazine, treosulfan, temozolomide, thiotepa, daunorubicin,

d@%&hﬁﬁf@*f@@o ach?HB%’ﬂY‘éBnrub@W‘?&éYGlﬁlcm B@@ﬁﬁ&ﬁiﬂmltoﬁ%hﬁomycm
daitawamygin, metmtrgxiate, ﬁudaaaﬂalm@/cfmdacmm{ﬁmﬂd’lydngﬁBandomycm

RBRSRIAHE; fé@ﬂvé?é@ﬁmme&ﬁw&%”ﬁﬂe t@%%'%@l'ﬁ‘e Ay rosyvastatin,

fluorouracil, gemcitabine, capeuta ine, ocetaxe ‘carbop atln CIS atin,

iAot BIRYASE BxaRRAYAS B acHIND ASBEcaN O BE an viNdesine,
hydeosigaes aneiten onitiefositan ipSgiamtostanmsdide sle gkirm tredimain, lomustine,

%%%B%?;ﬁ‘i‘arﬁﬁﬁ,alspa:ﬁa%%t@'%wozo'ﬁatﬁtﬁ?éﬂ%smne lsigzgle.  (CNP),
ane, a | e, adri n,..azithromycjn, spiramyci

25&35 ﬁﬁ%\ﬁ %6% IE Smc p?g}f%r% %tH" epothi Ehﬂ 4Hd B, :?osfamfde
inéaeiamite, azathlepmeuril cophendrmeugisieti, ciﬂw@rbaﬁs"@se busulfan,
royarpatisensecbeiviinG asidogappiietiolapachietd2bigpachorsubicin,

d ol ti
AR S Jﬁﬁ%@%ﬁéﬁi@“ﬁéﬁ*ﬁ%ﬁ”ﬁu@@ﬁ&s Mngragilfvein
et Eﬁxﬁé%uhﬂh‘ﬁéﬁa%fﬁﬁuzdh’%aé’éfr@cﬁn dyvsikpaeanRiRT g ec s ribine,
infebiapcauliesins, dtytogimnimdibitorgiaCabing, lnhllﬂmomelt?a&lﬁ}l gemcitabine,

Npvasiaiig). Nfd@%tmlopeambfﬂ Rilo@gfiHroNARMANACIONAL Jinex.

b di hibit I I liferation, bFGF antagf%)nlst
RRRBIp SR TSAIRL (CRTIE 11 RHIEGR BAFIAE sTafigfosine.

mmnswul1ammsmarttamn&nnespe@wmaec@legaapefg@ajmstrozole
idhnsstapBlaerydiviial fetraniBaianthsy dNQNNHBERSHIFRES adnamycm

der%atlves tamoxifen, stauros orlne estraﬁ:o a- trad estrio

|
es roﬁ%mgtﬁlriylsens{ rH}/o ’%0?8 t?gﬁ hedio %’?%r é@&tré’(ﬁ%ﬁferat’on
Shpadmiaas, A 6@?@2&%1%@nw&m@ww&mm&@nﬁmﬁmé‘rom c—myc

terpeaists usechier thatiberapy obetirat, wapaﬁahngqr@me@mnaésacho! -
t t
T UL P PE e

@Q&F@W&F'%rﬁBH M&Rie: (M@@?@éfﬁl’ﬁ@d B2 Ry AR A A HdE-CS
rfaylm’suu roescangade thaailves Hiereaiciinofebhiazeieefiradenetiuin antagon :st)

P“@ﬁhl@ﬁé‘?o'é&dHéﬁﬁ@”%ﬁ&@@ﬁmﬂ%ﬁtﬂﬁﬁ@“&@%ﬁc iARiBitor, AE-941
caine, kgtopr. mefenamic Cld ir XIC

S T EREREA e I RA o Riioronocional
gzjw[;]ﬁdtes inhibiting muscle cell proitferat!on bFGF antagontsts probucol,
prostaglandins, Ac-YVAD-CMK, 1,11-dimethoxycanthin-6-one, 1-hydroxy-11-
methoxycanthin-6-one, scopoletin, colchicine, NO donors such as
pentaerythritol tetranifrate and sydnonimines, S-nitroso derivatives, tamoxifen,
staurosporine, B-estradiol, o-estradiol, estriol, estrone, ethinyl estradiol,
fosfestrol, medroxyprogesterone, estradiol cypionates, estradiol benzoates,
tranilast, kamebakaurin and other terpenoids used for the therapy of cancer,
verapamil, tyrosine kinase inhibitors (tyrphostins), cyclosporine A, paclitaxel
and derivatives thereof such as 6-a-hydroxy-paclitaxel, baccatin, taxoteres
and other macrocyclic oligomers of carbon suboxide (MCS) obtained
synthetically and from native sources and derivatives thereof, mofebutazone,
acemetacin, diclofenac, lonazolac, dapsone, o-carbamoyl-phenoxy-acetic
acid, lidocaine, ketoprofen, mefenamic acid, piroxicam, meloxicam,
chloroguine phosphate, penicillamine, hydroxychloroquine, auranofin, sodium
aurothiomalate, oxaceprol, celecoxib, B-sitosterol, ademetionine, myrtecaine,
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aurothiomalate, oxaceprol, celecoxib, (3-sitosterol, ademetionine,

myrtecaine, 46 polidocanol, nonivamide, levomenthol, benzocaine,

aescin, ellipticine, D- 24851 (CalbiodBem), colcemid, cytochalasin A-E,
indanocine, nocodazole, protein S 100, bacitracin, vitronectin receptor
antagonists, azelastine, guanidyl cyclase stimulator, tissue inhibitor of
reeligigarsihasesivamifie; fle¥oneribod, abigszackiek agrRrincopbivatee, D-
IZENUSUARTHRHETS), Qi%@mﬂRchéﬂamgmsmsmkﬁl@g@a@tiv%i@édazoie
[ C n tide
RARERT & Mo BRgn e I BRCI e o PO RO Sy
U516 HIRMBART LRSI ROIRICH! CORRI RGBSR entarTom nLckic
resiigsllinsusieh asoiislokamitipuratadillintcl Ossuonamideitanstrondazetel RNA

{ﬁﬁ %‘Fés?H @%@Q nARAER A aﬂ@éfm ? SHUREHS tor inhibitor 2,
anti

ombin blvalru coumadin, enoxaparl esu ted an

NS EBR R R TSV S D BliSe KiksimiAGHe agiRsigHs from the
Gptibpllaghlateiébratesbranetre captorefadtonXa-ickfisioirantibefdygjor, cefoxitin,

HFB@%W& Blwd'rlQSé‘rhéklt%?mPP’ﬁfﬁc@?’ﬁ@m'ﬁ‘i}clﬁm%@k'hﬁrﬁ%s%xamIhn oxacdhn
streptokinase arin. urokinase, vaspdilators sych a

B e R AHAT: AT Qe P E o R AL Ry P
tRRZHIBPYRAMIcHHERRKC scRINHATONTENNhibiWeH udieh aseupagin, enoxaparin,
cllezalrsietisinnpriNeraleptjiatosariapatiroraieassanhfitonssue plasminogen
PLRSIAGYF %’/’WQ R shNEL¥Xe Qﬁla%&&aﬂléaﬂ%lﬂ r antibody,

serotonin’b OC ers, apoptosis Innibitors, apop 0SIS regulators Suc

pEP AR BB mﬁﬁﬂ%ngg&%nwmé@ RERMIRSHIRS. streptokinase,
nifediiime, toocspisre), rudsiditatone, mmoa@hmmmwe@mateahm@at@mmdme
e(ﬁ‘ﬂ?dkﬂﬁdfemfb ﬂl@éﬁbe@os{wﬁ@@a&‘ﬂéﬁﬂﬁs@@@hv%% tRe%®R@bpyrimidine and

leflunomi a inra, etanercept, sulfasalazine, tetracycline,

RETARITIOAS Fn ELRER R AR RAR e Slaseitinidininops!, enalapril
dizzpjeamitiepiietetdal &) plolsafe oesiaotalol, dangarsteintetiawirand 8 and v,
syiatapiisally-phiainedisterigstsHah @ﬁd@k@ahyﬂﬁbﬁm@&tomﬁtbztors apoptosis

beéﬁw?SldeA ghalakln%ﬁde‘\ﬁga}{gonme s I05|d edsrc() E%n?ﬁeotzdes

asone dexa asone, non- ster0|d su%s

slm\*ﬁfagtmroféwe%wpﬁafentqa@@hﬁmammﬂ@pﬁ@s{énephembumwﬁéenois
assl etfehantpalpltagentig Slbsutionagriiad!, lgeseisiiaviseidd and derivatives

Zilopigtine, ANILDNGEHECS %‘h‘ﬁ?«ﬁac""é Epflucyiqeing 7 H*T@Ofuiéé tPacycline,
ina A%

ketoconazole, miconazole, nystati, t ne "antiprotozoa
stﬁ'malﬂ’&%qwﬁEuFﬁB?Mﬂﬁme amﬁmglm;de retinoic acnd qunmdme

disopyramide, flecainide, propafenone, sotalol, amidarone, natural and
synthetically obtained steroids such as bryophyliin A, inotodiol, maguiroside A,
ghalakinoside, mansonine, strebloside, hydrocortisone, betamethasone,
dexamethasone, non-steroidal substances (NSAIDS) such as fenoprofen,
ibuprofen, indomethacin, naproxen, phenylbutazone and other antiviral agents
such as acyclovir, ganciclovir and zidovudine, antimycotics such as
clotrimazole, flucytosine, griseofulvin, ketoconazole, miconazole, nystatin,
terbinafine, antiprotozoal agents such as chioroquine, mefloguine, quinineg,
furthermore natural terpenoids such as hippocaesculin, barringtogenol-C21-
angelat,  14-dehydroagrostistachin,  agroskerin,  agrostistachin,  17-
hydroxyagrostistachin, ovatodiolides, 4,7-oxycycloanisomelic acid
baccharinoids B1, B2, B3 and B7, tubeimoside, bruceanols A, B and C,
bruceantinoside C, vyadanzioside N and P, isodeoxyelephantopin,
tomenphantopin A and B, coronarin A, B, C and D, ursolic acid, hyptatic acid
A, zeorin, iso-iridogermanal, maytenfoliol, effusantin A, excisanin A and B,
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10.

11.

12.

13.

furthermore natural terpenoids such as hippocaesculin,
barringtogenol-C21- angelat, 14-dehydroagrostistachin, agroskerin,
agrostistachin, 17 35 hydroxyagrostistachin, ovatodiolides,
4,7-oxycycloanisomelic acid baccharinoids B1, B2, B3 and B7,
tubeimoside, bruceanols A, B and C, bruceantinoside C, yadanzioside N

éﬂﬂ@kqgé@e&yé@ﬂﬁﬁﬁﬁﬁ%m %n@rﬁ]ﬂﬁﬁﬁtﬁbm %@'@eeé}oﬁaﬁﬁ‘% B, @3.18-
atehpjrarSobépheiccmgniatioagch Aarearin tsmitidogerndanaind B, regenilol,

W@M@“%ﬁ‘ﬂ&%f@ A@ﬁ%%'ﬁﬁ”'%ﬁo@y%@nﬁ W%BHHQBamd anopterin,

oneatin C, kamebaunin, leukamenin

az%(%*%fﬁg@eﬁ@am@c@%ﬂﬂemgmwﬁh@f %m%%ﬁ%mcutoxm
teiprotidel fineherboonbreatiatin, apocanthrirg aristedosisiciasidnanopterieyrcumin,

WﬁWMﬂﬁQﬁF@"'%ﬁﬂﬂ@%ﬂ%rﬁf@toﬁ@%ﬂ%migﬁW%lfé'ﬁﬂfy'g@dsone bilobol,
cicutoxin, 5.s oculiny rr}bre tratin A and éjdrals lavo Af
@mm g(ﬂ,% Jellloy- net 8|ne Chlom&zcme indicine-N-oxiae, ' iasiocarpine,

ﬁy@lﬁ%oiﬁpréﬁm A2@nfor, Bﬁﬂ@@i"‘gﬂl@@dﬂp@fﬁkgdr@l&lﬁ@Chromand
hetenalinginthtistecindicinady-exidenasiacarpingyt ahwesidedariisticiditargetin,
%&Q&ﬁl%ﬁ'ﬂ atin, %@Fﬁ@n@ﬂﬂmoc% Elﬁ'ﬂ?é’nohdme 8iocos:de A,

obutyry mallotochromanol, marchantin tansine, chéorl

ﬁ@@momgwgmswﬁ%%ua%ﬂ] %ll%@@&fﬂ%ﬁ@qdlﬁéﬂw wheat acid,
pediipsusitiéoAn, ddorypsoessrerminp plyeia st iyl sakggednmedihydro-
DEAMHAYBREHRCIChy m% \SOARHOUInENr ARG TR gméﬂﬁgel'étwchnophyitlne
stizo Ellln aka enpg% ‘Kdro usambarensine, @drox usamb arlneh

R?dﬁ Fartamif® SrFERIBP Ry i S DS Barintl 1O renSiRUshinsunine,
iserplniaestitiotiiviiesordushiisaxineidisegapi nswimg saeisinesinombelliferone,

rapasKencCHestINsRYBRBRe SiBehRPaiRaEeA AlTOMBHRNA and B.
acetylvismione B, desacetylvismione A, vismione A and B. 10.

Hemocompatible medical product according to claim 8, characterized in

tREMeROSINGASIQ MecslitR BIRIHEY S CARIdIER anskadry SartlifRegitized in that
anhd/osit Z&aﬁﬁlthimnmtttpagﬁﬁtaswleeiﬂdifmmﬁhfawgupmﬁlﬂmm@@’@m and/or

BN BRNCAURES Rl (s 500 88 (AR ano
%E‘PV 45

macroc clic’ carbon suboxid es rlvatlvest
Ao %syﬁaﬁnﬁr%ﬁ;rﬁﬂw SRRy ol RSB BHY apRpToCYClic
(E4861), subivetbesprotdifdSjaPCinAc- YV&AEP«@MKS angthereof,  trapidil®,

(RBROReM-4Ng W@ﬁi?{ﬁ[bh%@c%ﬁmhbﬁdm@i SiOBIHS- 1hmid aio 24851),

ag?&e?e b i, T %&%ﬁ% a‘%&i@%ﬁén%ﬁ fastat’,

leagtophycin 52, tacrolimus.

Hemocompatible medical product according to any one of the preceding
claims, characterized in that, if multilayer systems are concerned, the at least
two layers including andfor not including at least one added hydrophilic
polymer contain at least one active ingredient in identical or different
concentrations which active agent is bound covalently and/or adhesively.

Hemocompatible medical product according to claim 11, characterized in that,
if multilayer systems are concerned, the last layer is a layer composed of the
active ingredient only, wherein said active ingredient is covalently and/or
adhesively bound.

Hemocompatible medical product according to any one of the preceding
claims, characterized in that the at least one biostable polysulfone layer
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two layers including and/or not including at least one added hydrophilic 30

polymer contain at least one active ingredient in identical or different

concentrations which active agent ig¢®ound covalently and/or adhesively.

12. Hemocompatible medical product according to claim 11, characterized

in that, if multilayer systems are concerned, the last layer is a layer

GHRBEW ofthieast apeyvantiyfednsiedian! vianshein sanetrdiveithgaidieast one

iactonel prifhediagiols agthrsively droang. d&éﬂémmﬂméaﬁwﬂdﬁgﬁéﬁle polymer
c o] r - claims, characteri .

R e e e T i Gt radl Spgctive

deRAispdaildR b cBlieEnlransentiaione active ingredient is at

least partially covered vv_ith a biodegradable polymc_ar quer co_vale_ntly
ANEAbAIRSSIROLSRIHAINRY B RIHRASS AR ROV e dRgRgIRdRal products
Idﬁ%ﬁ%l or diff re%;[ c? entrations. 5 14. Method tor biocompatibly and

HEWE ﬁ{ﬁﬁ%%yc &iﬁry%’é%@cﬁ%ducts characterized by the following
feps: RPYIaHhg atewnangthd b. applying at least one biostable layer
EMPoseshefing s wiancRslydstbl @}/@??U@ﬁlﬁgg&%ﬂ%ﬁém}%ne including
hydrop ”r'% gpllxg‘il&r{i _naﬂr;%tqeggp%ré%aa or i sertlg/%aat least one

d
antiproliterative, anti ammatory, a irp Qbﬁ%tPco na7ar ARfithrombotic

&gent oAPRRANG iInBNIRY bidseRietaydt onetsty gnslyirRnipIelisratve, anti-
biostableflayenhatwnposatitiagibis fenEonclndingo@iboatingedtnertmalor into
least oqg@g%gpjglg lg?g/[mer in combination with at least one

antiproliferative, anfi-inflammatory, antiphlogistic and/or antithrombotic
agent; &id c' optionally, applying at least one antiproliferative,

anti-inflapmiyéngrg} 128 sirmipd loigistis bnipeaoctthparsed tof posrsubiotieeinciuding

e St SO o Vs N S

compoBb 67 18051 BALP B4 GG AT AV P SRUPBIRUE e andior

includirfgtierpredeishagarbrand

o optionally, applying at least one antiproliferative, anti-inflammatory,
antiphlogistic and/or antithrombotic agent on the biostabie layer
composed of polysulfone;

Method according to claim 14 comprising the additional step

d' applying at least one additional layer composed of at least one
biodegradable polymer including or not including the insertion and/or
application of at least one active ingredient in identical or different
concentrations.

Hemocompatible medical product which can be obtained by means of a
method according to any one of claims 14 — 15,

Hemocompatible medical product according to any one of claims 1- 13 or 16,
characterized in that the at least one antiproliferative, anti-inflammatory,
antiphlogistic and/or antithrombotic agent is released in a controlled manner
through the surface coating.

Hemocompatible medical product according to any one of claims 1~ 13, 16 or
17, characterized in that the respective antiproliferative, anti-inflammatory,
antiphlogistic and/or antithrombotic agent is contained in a pharmaceutically



19.

application of at least one active ingredient in identical or different
concentrations. 16. Hemocompatible medical product which can be

obtained by means of a 30 method4&ccording to any one of claims 14 -

15. 17. Hemocompatible medical product according to any one of claims 1

- 13 or 16, characterized in that the at least one antiproliferative,
aAfiysrapneampticnapREdtic Hhinerreftitrérisoacagdihe repsherlgnrpduct
aadnienllegemaonesirdagtbiheugttitkeisgréatentoating. 18. Hemocompatible
medical product according to any one of claims 1 - 13, 16 or 17,

characterized jn that the respective antiproliferative, anti-inflammatory,
dAEpINcYERE iNa/Bredift BrABYt agartiae i liclgims 1 - 13or 16 - 18,
pterraciesiichlly Wit dotivesstnsbdtratiensos G@dt. - 10 mg per cm2

surface of the medical product and per layer containing the active

ingredient. 19. Hemocompatible medical product according to one of

claims 1 - 13 or 16 - 18, 5 characterized in that the medical device is a

stent.



